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S3SCTIOH X - tes csmimiB MSTHOD 

X-X. Purpose - Xn Ma/ X<M*X the National Academy Coamittee, la 
reporting on their review of the then existing uranium problem, stated 
in pertt- "The sept ration of the ieo topee of uranium can be done in 
necessary amounts, SeveraX methods are under development, at least 
two of which seem definitely adequate, and are approaching the stage 
of practical test. These are the methods of the centrifuge and of 
diffusion through porous harriers* Other methods are being investi- 
gated or need study which may ultimately prove superior, but are now 
further from the engineering stage. * 



other directions and the centrifuge method was ultimately aba toned. 
It was, nevertheless 9 determined to be a means by <hich isoto Le 
separation could be obtained and the purpose of this section of the 
Manhattan District History is to outline the pertinent accomplishments 
under that program. 

§S2£S *" inception of the method and nuch of the research 
on centrifugal separation of uranium isotopes preceded the formation 
of the Manhattan District. The 'laval Hesearch t»aUratory, Carnegie 
Institution of Washington, National Defense Research Council 9 and the 



Later events *ere such that greater progress was made in 




Office of Scientific Hese*rch ^nd Development contributed funds toward 
the development. However, as the project termination vat not until 
31 January 19*&* final control wag assumed by the Manhattan District. 
The we*'k under the overall development wa» divided among a number of 
institutions. Vhe University of Virginia conducted extensive experi- 
mental research. Columbia University vaa responsible for theoretical 
research. The Meetinghouse SI ec trio and Manufacturing Company developed 
the centrifuge naohine at their nosoarea Laboratory and constructed 
production model parts at smother of their subsidiary organisations. 
The Standard Oil Development Company developed, erected and operated 
a pilot plant* Activities of each of the participants will be covered 
by the following. 

1-3 • Sarly History of the Centrifuge Process - The account as. here 
presented Is a condensation of historical Information provided by 
Profeesor J. W. Beams in his report of 7 flocember I9U6 on the subject 
matter (App. 3-1). 

The possibilities of separating Isotopes by centrlfu^lng was 
first suggested by 7. A, tilndemann and t m W. Aston in 1919. They also 
worked out the equilibrium theory for separation in an Ideal gas and in 
an ideal incompressible liquid. Following the above work of Liademaaa 
and Aston, the theory was critically discussed and extended by R. 9. 
Jul liken, 3. Chapmaan, and 0. Harkine. Mul liken also investigated 
theoretically centrifugal separation in ideal liquid iso topic mixtures 
end suggested the so called "evaporative centrifuge 1 * method. That 
method consisted of drawing out vapor from the axis of a hollow spinning 
rotor containing the liquid in its periphery. In this method the 
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separation takes place in the vapor as it diffuses from the periphery 
through the centrifugal field to the axial point of withdrawal, 

Sneouraged by theory which showed that considerable separation 
of isotopes should he obtained, various attempts were made to separate 

different isotopes in specially constructed centrifuges. Unfortunately, 

because of 

each of these early attempts proved to be unsuccessful, <fc*e* ?rob*bly A te> 
convection, -nd the method was abandoned as impracticable. v ith the 
development of the convection free vacuum type ultra-centrifuge In 193**, 
the method was tried again and results were successful. In most of 
the early successful experiments the evaporative centrifuge method wee 
employed to concentrate Cl^vjand Cl^gt isotopes of chlorine in Cdfy. 
iromlne isotopes also were concentrated. It was found that consider- 
able separation could be obtained and that the results were In good 
agreement with the theory when equilibrium conditions "ere approximately 
maintained In the centrifuge. The theory was further tested at dry ice 
temperature* with different rotor speeds, and found to held, 0. If. 
/llson and *♦ Bromley further developed the theory* but it remained for 
H. C. Urey, K. Cohen tad their collaborators to work out the general 
mathematical theory and to indicate theoretically the most efficient 
way to go about the separation of isotopes by centrifuging. 

In addition to the evaporative centrifuge method several 
other schemes were tried, •from elementary theory it was clear that 
the rate at which separation could take place In a centrifuge rotor 
was proportional to the length, or depth, of the rotor. Accordingly, 
procedures for spinning tubular rotors were developed for the 
evaporative centrifuge nnd several other methods. 



The so-called "flow through", *cream separator* or "con- 
current" method utilised the tubular vacuum type centrifuge. Operation 
wet performed with ethyl chloric vapor, at about 3OO 0 A t flowing through 
the hollow shaft into the top of an alloy 3teel, 3* 1. 1), by l 1 ** long, 
tubular rotor (containing and b*.tn**5 vhi^h was spinning at XC60 r.p.s. 
Two equal fractions were collected at the lower end of the spinning tube, 
one near the axle of rotation, and the other near the periphery. The 
observed separation factor between the two samples was 1.025 with a 
continuous rate of flow of 2 grass per minute. Also, *>ith the same 
apparatus at various rates of flow up to 2 liters per minute, a large 
number of observations were made on the separation of gaseous mixtures 
of Ifg and 0 2 and 3fg and CO^. 

The •distillation' 1 or "cascade* method, first suggested by 
Urey, was also tried, using the above type of tubular rotor. About 
65 cc. of liquid CCl^ were platted in the 3* 1.0. by Ik* long tubular 
rotor. '.The tube, which contained radial baffles, was spun to X060 r.p.s. 
and then evacuated and sealed. The upper end of the spinning tube was 
surrounded by a copper coil carrying cooling liquid. H 2 at about 3 a*. 
Hg pressure was Introduced into the vacuum chamber surrounding the 
rotor to conduct heat to it. This arrangement made the liquid evaporate 
in the lower warm part of the rotor and condense in the upper cool part, 
thus/ providing for a vapor circulation upward nd a liquid flow down 
the periphery. Small samples, collected at the top and bottom of the 
rotor af tsr 1 9 hours centrifuging, were analysed In the mass spectro- 
meter. Although results *ere erratic in aone cases, the separations 
observed ^ere slightly larger than could be accounted for by a simple 



centrlfuglng process and evidenced tnat some cascading wag taking 



In further experiments at the University of Virginia a 
duralumin tube l-i/S* I. D. by 50 cm. long, spinning at 2300 r.p.s., 
in air at atmospheric pressure was ed. The tube was first evacuated 
and from 5 to 6 cc. of CCl^ was distilled into it. The tube was then 

(about 20*0) was sprayed on 

heated by air friction. After spinning for about two hours a small 
sample (about I co) of CC1|| was pumped out through the hollow tube 
shaft and condensed. The Urey cascading process was shown to exist 
by some of the experiments, us the sej ration obtained was between 
k and 5 times that possible under a aUigle centrifuglng. However, in 
practice, this method did not offer the eaee of accomplishment or 
appear to promise large scale separation of isotopes. 

Another method of producing circulation in the spinning 
tubular rotor was tried when the material centrlfoflfed wae in the 
gaseous state or in the liquid state. A small rod of resistance 
material* placed along the axis of the spinning tube, wae heated by 
an electric current connected through the top and bottom shafts. The 
decrease in density, due to the increase in temperature near the axis, 
was Intended to cause the gas (or liquid) to rise along the axis"tove 
downward along the cooler rotor wall In a manner similar to the 
Clauslus and Oickel Thermal Diffusion Experiment. Primarily this 
circulation Is caused by the gravitation . field of the aarth m& Is 
opposed by the stabilizing Influence of the centrifugal f laid (to be 



di<$cus£.cd later) where the v 3 roves radl&lly at the upper and lower end* 
of the rotor, The experimental resul ts ware not conclusive. Also, 
soae difficulty 3ncouatered la supporting the hcesing rod, or tube, 
because of its natural vibration. This experi <»ntal difficulty was 
overcome so;ae tiae later, but the early axperltfent vas dropped ae it 
seemed at the time to oe inferior to other centrlfug* methods for 
production purposes, 

Experiments *ore also tried in /liich a "mechanical elevator", 
or screw, was placed along Ihe axis of a uuoular centrifuge to carry 
the gas, or liquid, up along the axis 0 the centrifuge* Centrifugal 
force w&t then expected to cause the elevated material to flow back 
down along the mil of the tube. Unfortunately, the experiments /ere 
never completed. 

H* C, Pollock and K. H, Klngdoa used a circulating evaporative 
centrifuge uethod for the concentration of the tin isotopes in SnC!^ # 
but the method was not extended. 

In 13^0 B. (xunn suggested on Ingenious method of isotope 
separation in which the aadiaentatioa produced by a high centrifugal 
field was opposed by the mobility of the ions under an electric field. 
He also worked out a detailed theory from which he could predict the 
separation of the bJU ^ U~<23&* Isotopes* It was believed that 

extensive separation should be obtained, 

1-U. :-caseferch at the University of Virginia - Professor J, 0. 
Sewac had his associates of the University of 7irginia had been 
prominent in the centrifuge method of iso topic separation since its 
Inception, In .Larch 1933 1 shortly after the announcement of urealum 
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casoade processes, using long tubular rotors; also, previous experi- 
ments oa the separation of the chlorine Isotopes in COl^, and the separa~ 
tioa of %-*€02 gaseous mixtures, had demonstrated the advantage of a 
long tubular rotor. 

The desired operation of spinning tubular rotors v ;nany tines 
longer than their diameter, to high speed presented problems* first, 
such rotors pass through "critical" frequencies before reaching the 
speed required for operation. At the first critical speed they vibrate 
like the fundamental of a vibrating rod and at the second critical 
speed, depending upon the mounting, they vibrate like, the first harmonic, 
etc. In previous work at Virginia alloy steel tubular rotors 3* 
by Ik* long had been spun well above their first critical frequency. It 
had been, found that, in order to spin them through the critical frequency, 
special damping of the bearings was required, but that when the speed 
exceeded the critical frequency the tube spun stably and smoothly for 
long periods without any sign of fatigue. Nevertheless, it was not at 
all certain that tubes with iauch greater length to diameter ratio could 
pass through the critical frequencies *ad reach the required speed. 
Also, it was a debated question whether or not the tubes would spla 
stably without fatigue above the second or higher critical frequencies. 
After considerable research on damped bearings it was subsequently 
found that long tubes could be spun through as many critical frequencies 
as desired end that they operated stably at high speeds. 

At the early stage of the work on centrifuge separation of 
ureniua isotopes the University of Virginia received a grant from the 
Javal Hesearch laboratory. That assistance *as followed in April, lglfO, 
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tsgr a great la aid from the Cypnegie Institution of Washington. This 
latter grant, together with a itaval Research laboratory contract, made 
it possible to direct the najor efforts of the Physics Staff aad 
graduate students at the University into this problem during the summer 
of 19*10* Jcllowing the Kaval Research laboratory contract the subject work 
was conducted under contracts 0^Msr*l^O and 03Msr»39S between the OSHJD 
and the University of Virginia. These contracts *ere respectively 
effective 1 August l$kl and 1 March 19^2. 

In jfebruary, X$^0, Gunn made approximately 6 grams of VTg avail- 
able to the University of Virginia. Stoat material was the first suffi- 
cient quantity for operation of the centrifuge* Xt was subjected to 
lso topic separation by the evaporative centrifuge method for which a 
theoretical separation factor of 1.08, or an change in isotopio 
ratio, applied* The UI^ was successfully centrifuged without appreciable 
loss, or deterioration, and the samples were sealed in glass capsules* 
At that time (February \<)hO) the University of Virginia had no meane of 
analysing the samples. They were sent away to be analysed but apparently 
that analysis was never performed. However, the feasibility of handling 
U?g in the centrifuge was very definitely demonstrated. 

About that time active work on the centrifuge method was 
started at Columbia University. Urey had suggested several methods 
for attacking the problem and his group, led by Cohen, worked out a 
general separation theory which subsequently prompted a conclusion that 
the refluxing counter flow method, using long tubular centrifuges, was 
the no s t efficient for large scale separation. 

3y the middle of 19**0 developments at the University of 



Virginia had reached the point where tubes of various siaes with 
lengths meny timet their diameter were spun up to their bursting 
speeds. Consequently, a systematic set of experiments wee undertaken 
to test the efficiencies of the following methods. 

(1) The '♦evaporative* method. 

(2) The "distillation* method. 

(3) The "flow through* or "♦con-current" method. 
(k) The "counter-current rt method. 

UTfc was unavailable for these tests until l$kl and many of them were 
made with compounds of chlorine, bromine ( and mixtures of Kg And Kg 
and I g and CO^. 

The evaporative centrifuge method was used to carefully check 
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concentrated samples. Zn 
we obtained whose difference 



the centrifuge theory and to make sever 
December, 19^1, two samples of 1 gram each 
In 1 so topic ratios t as measured by A. O.C lier t was about percent. 

the distillation method was abandoned after early teets 
because of Its Inferiority to other methods. It was, however, found 
to give cascading effects. 

3a ta In good agreement with Cohen's theory was obtained with 
the flow through, or con-current, method and with the counter-current 
method. 

The counter-current method was the one finally decided upon 
for pilot plant operation. 

During the latter part of the activity at Virginia effort 
was made to get data which would permit an estimate of the performance 
of m largo number of centrifuges in a cascade, or production, plant. 

1^.10 



That activity was carried out in close cooperation with the Standard 
Oil Development Company. Also, through the assistance of the standard 
Oil Development Company, the University of Virginia was able to obtain 
and operate anS # 35 B O.D., 7.35" by 136" long, forged duralumin 
tubular centrifuge rotor for use in counter-current refluxing 



experiments. 



centrifuge 



The foregoing presents a brief general account of the centrifuge 
experimental work at the University of Virginia* Details of that work 
which Include general comments, description of apparatus, operation 
information, and records of experimental results for the evaporative 
method, flow-through or con-current method, counter-current flow method 
and the counter-current refluxing method, are provided hgr the contractor's 
report (App. 3-1). 

1-5 . Theoretical Hesearch *| Columbia University - The CSJiD awarded 
contract OSHsr-192 (continuation of contract 1UT3»-39T^) to Columbia 
University for theoretical research on the centrifugal separation of 
uranium isotopes. As referred to by the foregoing, Professor Beams, of 
the University of Virginia, had developed high speed centrifuges which 
operated by the simple flow- through process and by ths evaporative 
process. Under the flow- through process a gas entering at one end of 
the centrifuge was segregated, in its flow through the machine, to its 
heavier and lighter fractions at the other end. ?he evaporative process 
o$«rated with a liquid supply which was evaporated from the centrifuge 



Zesting a resldus of heavy i so topic concentration. 

The work under contract C3Msr-192 initially concerned 



the us i 



of a counter-current flow of liquid and gas, The liquid wes proposed 
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to be evaporated at one end of the centrifuge rotor and the gas con- 
densed to a liquid at the other end of the rotor. The operation was 
somewhat similar to a distillation column* Later, because of the great 
stability of the flow of gases rnd because of the strong field produced 
by the centrifuge, the initial proposal was modified to the counter- 
current flow of two gases. 



centrifuge* Estimates were made of the overall rotor length to produce 
the desired concentration* 'This work revealed the magnitude of the 
separation problem and It also demonstrated the advantages of the 
counter-current centrifuge method as compared with the flow-through 
centrifuge. Outstanding among those advantages were the use of smaller 
shafts (because of the reduced flow from centrifuge to centrifuge) and a 
somewhat shorter overall length centrifuge required for a given production, 
or separation* 



early part of the subject contract confirmed the magnitude of the problem. 
Contacts had been made with the Westinghouse Company for the development 
of centrifuge machines. Those contacts resulted in a centrifuge develop- 
ment sub-contract, under Columbia contract H73»-39?^t which is described 
In a following portion of this history. 



problems vere first worked out In connection with the centrifuge method. 
In 1939, Urey had suggested a centrifugal Isotope separator which Could 
be used continuously in a cascade. In 19^1, Cohen made a detailed 
analysis of the Urey unit (the fractional diatilling centrifuge) operating 



Extensive consideration was given to the fraotio 




Centrifuge developments which had been, or vere, made during the 



fhe general properties of cascades as applied to separation 
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Details of the subject research nd rs suits obtained at 
Columbia University are provided by reports referred to by Appendices 
3-2 to 3-12 inclusive. 

1-6. Development fry Meetinghouse 31 eo trio end Manufacturing 
Company - »Jhe following general account of the development of centri- 
fugal gas separators Is essentially a quotation of the historical 
portion of an overall report prepared by the Veetinghouse Research 
Laboratories, Details of that development are alee provided by that 
report *nd reference Is made in that respect to Appendix 3-13* 

The problem of developing a suitable centrifuge for separation 
of uranlua Isotopes was first considered by the Vastlnghouse Research 
laboratories In August, l$^O y es the result of an Inquiry by Columbia 
University* Approximate requirements, given early In December of that 
year. Indicated a rotor diameter of about S inches, a length of two to 
three feet, and a speed of 500 r.p.s. 2arly discussions were almost 
wholly confined to the problems of supporting and spinning the rotor 
cylinder at the high rate of speed* 

2arly in 19^1 a contract < as received by the Meetinghouse 
Company from Columbia University for the deeiga of a centrifuge to 
separate uranium Isotopes. The proposed work concerned the bowl design, 
its support and the high-speed drive. Other major problems, namely the 
development of pumps and sntry »nd exit shaft seals for the process gas, 
were retained by Columbia University, I though, later, this work was 
turned over bo Vfestinghouse, The possibility of large scale production 
of centrifuge units entered Into the consideration and Influenced many 
phases of the development. 

lM* 




It was deslruble that important design principle* ?ind detail 
improvements revealed by centrifuge research at the University of Virginia 
and Columbia University be incorporated in the apparatus design. Hence, 
rigid specifications at that tine were not desirable end 'ere not drawn 
up. As a starting point in the dynamical design it wae generally agreed 
that the rotor bowl geometry be such that it could be treated as a rigid 
body, that is to say, the frequency of the lowest natural bending node 
of vibration of the bowl as a free body was to be higher than the running 
speed* 3his consideration for an % Inch diameter steel or aluminum bowl, 
operating at i?O0 r.p.e., limited the length to about kz inches. 

rhe centrifuge design for Columbia University was completed 
about December, 19*11, and shortly thereafter the Office of Scienttf io 
Hese&rch and Development contracted, under 0)2Msr-Ul5 and for a full 
else dynamical model centrifuge and 2k production units to be built by 
the Meetinghouse Company. The production units vere for Installation 
In a centrifuge pilot plant. Construction of the dynamical model began 
in January, 19^2, and production of detailed parts for the pilot plant 
machines by the Vestinghouse /A metric Elevator Company began In March, 
19**2. 

Before tests and development work on the above model were 
completed, and before completion of the first of two production units 
ultimately delivered to the pilot plant, overall project considerations 
nade it apparent that the bowl langth of the centrifuge should be 
Increased as -such as possible. A long bowl cylinder length was estab- 
lished at 132 inches. 5hat length presented the problem of bending 
vibration of the bowl itself. The result of detailed investigations of 
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bearing In aping, material atr«ngth g and part* design carried out la 
the development of the U2~ineh length v chine were naturally applicable 
to the 132-inch centrifuge ;*nd in thase respect* the work wa* simplified. 

Two Ua-lnch centrifuge* of 7*2 inch** inside bowl dl-Aete* 
and 8.2 inehe* outeid* howl diaa*t*r f • ith rated speed of *47^ 
wer* delivered to the oentrlfug* pilot plant in May and September of 
l$k% The** sachines operated under pilot plant performance, The overall 
length of each unit wa» 123 Inch** and aeh machine weighed 1000 pound*. 
▲ dynanie model of the 132-inch ceatrifug*, with bowl diaaeters a* shown 
for the U2~lneh mchin* t wa* {issoisbled Jid tasted tn December, 19**3. Th* 
overall length of th* 132-inch machine wis 18S inch** and the total weight 
wa» 3200 pounds. This machine was './recked in tests however, Us perfora* 
inc* Indicated that successful design *nd operation of a centrifuge of 
such length were probably possible. 

1-7. pjL&S Plant qovslopnent and C deration by the Itandard Cll 
Development Cotapanr - In January, 19*12, the Standard Oil Development 
Company entered into a program under tha Off to* of Scientific Research 
and Development for the concentration of uraaiu* 1 so top** by the centri- 
fug* method. Xhat program, which terminated 3* January X$kh § was covered 
by the following oontraet* betwe*n 0SH2 ?nd th* Standard Oil 3©velop»ent 
Company. 

03X*r^567 f effective 9 January I9U2. 

©5J<*r-925 t offset lv* 1 January 19^3. 

03!Msr-926 t effective 1 January 19**3» 
Th* contractor's work under the abov* contracts Included principal phase* 
as her* shownt- (1) cooperation with the 3AH laboratories in making 
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iaglneerlng . nalysis of the centrifuge aathod of g&e separation* (2) 
cooperation with the Westinghouse Hese&rch Laboratories la the develop- 
ment of a out table centrifuge to operate on process gas; (3) design and 
construction of a pilot plant to test the centrifuge method at applied 
to the process gasf operation of the pilot plant to obtain separation 
data under a variety of conditions and to test the performance of the 
Meetinghouse centrifuge} (5) an engineering survey of the application 
of the centrifuge method to a large scale plant! and, (6) correlation of 
the experimental separation program carried out In the corresponding 
centrifuge project of the University of Virginia, 

As indicated by this history, the theoretical basis end the 
experimental research for the overall project had been and was being 
provided respectively by Columbia University *nd the University of 
Virginia* The design and development of the centrifuge proper was 
assigned to the Vestlnghouse Company, It had been proposed that the 
centrifuge be operated In a counter-current manner, and considerable pro- 
gress had been made in features of operating a cascade of counter-current 
centrifuges on process tfas. Under the Standard Oil Development Company 
contracts the engineering aspects of that process were further developed, 
with particular reference to a cascade suitable for production of 1 Kg* 
of the desired product. In 90jt concentration, per day* The pilot plant 
contractor's analysis also Included working out the most appropriate 
methods for testing the theory of cascade counter-current gas separation 
by neans of a limited number of machines in a pilot plant. 

Centrifugal separation of the process gaa had been recognized 
at the outset as requiring, among other things!- (1) the use of 
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corrosion-proof metals* (2) prevention of contact of the process gas with 
reactive reateriale such e lubricating oil; (3) the use of absolute 
pressures in the order of 10 to 20 aw, .Kg. (low enough to prevent conden- 
sation of proceee gas at the periphery of the bowl, at permissible bowl 
temperatures, and in the piping at room temperatures) | and, (k) the pro- 
vision of an exceptionally tight process system to prevent lose of process 
gee (either by out-leakage of process gas or by In-leftknge of racist air). 

'The pilot plant design end construction work undertaken at 
the beginning of the program provided for the installation of 2k 
tfestinghouse short-bowl (36*) centrifuges, The plant, known as the 
Gas Separation Pilot Plant, was located at the Standard Oil 3ayway 
Refinery, Mnden, if, J. Provision was made at the refinery fort- (1) 
an electrical drive system for the centrifuges; (2) the required centri- 
fuge auxiliaries such as lubricating oil, circulating water, nitrogen 
seal gee, and hydrogen casing gas; (3) a process gas circulating 
system; and, (U) a refrigerating system for chilling the process 
receiving traps. 

At an executive meeting of the 3-1 Committee, on 23 October 
19**2, Mr* Z, 0, Deutsoh, of the Standard Oil Development Company, pre* 
seated a paper concerning the use of hexafluorlde as a feed material 
for the centrifuge process. He also presented another paper, in abstract, 
outlining a full-scale production plant as it vas then foreseen (App, 
A-l and A-2). A further analysis of the centrifuge method of concen- 
trating uranium isotopes wis provided by the pilot plant contractor 
subsequent to a conference on 2k February 19^3 between representatives 
of the Kellex Corporation, the 'estlnghouss Research laboratories and 
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the Standard Oil Development Company (App. a-3). 

la November, 19^2 t aaciaioa wi*« mauls by the OSHB committee 
in charge of the centrifuge project to change the centrifuge pilot 
plant from 2^ to a single centrifuge basis. This was for the purpose 
of obtaining, as promptly at possible, fundamental single-machine 
separation data needed as a first step in testing the counter-current 
gas separation theory. The state of pilot plant construction and equip- 
ment procurement at that time was such that the change to the single 
machine bssis involved only minor modification in the plane for the 
slsotrical, auxiliary, process gas, and refrigeration systems. Con- 
struction of most of the auxiliaries, except connecting piping, was 
continued on a multi-machine basis* 

Development of the centrifuge for use in the pilot plant 
had been, and wee being, carried out by the Meetinghouse Research labora- 
tory during the early pari of I9H3. The first of the so-called short 
bowl machines was delivered to the pilot plant on 29 Hay I9U3 with a 
temporary bowl fabricated from a duralumin forging* Assembly of the 
machine and its pipe connections was completed and various running 
and tightness tests were carried out in the period up to 16 July. At 
the later date the permanent extruded (full strength) bowl became 
available for installation. Jhe completed machine was employed for 
about five weeks of experimental operation commencing IS August, 
^following this period a second machine with improved damper construction 
and corrosion-proof (monel) shafts was installed in place of the 
first unit. Operation of the second machine was initiated 9 October 
sad continued at various intervals throughout 19**3« 





Although some mechanical difficulties, usually involving 
damped bearings* were encountered with "both of the centrifuges at 
installed at the pilot plant, nevertheless/ those faults were correct- 
able. After correction, run failures due te faulty rotating oarts on 
either machine were practically non-existent. 

The engineering analysis of a large plant employing long 
©owl centrifuges, first made at the outset of the Standard Oil Develop- 
ment Company program, wa# revised in very general form in December, 19**3» 
in the light of the more attractive fundamental separation data which 
had become available. Preliminary plans wore also made at this time 
for converting the centrifuge pilot plant to a multi-machine basis to 
test cascade operation. 

The handling of orocess gas in a centrifuge system required 
the development of various special instruments and other equipment. 
Under this project, development work was carried out on a number of 
these items, including principally t- (1) a trap for continuously separating 
process gas from nitrogen seal gas* (2) lov pressure-drop thermal flow- 
meters; and, (3) bellows- type valves meeting extreme tightness speci- 
fications. 

'.The centrifuge pilot plant project also included a substantial 
amount of laboratory Investigations relating principally to determining 
the corrosive characteristics of various netais, rubbers, plastics and 
liquids when used with process gas. Laboratory work also Included 
operation of a tfler mass-spec trooster for analysing process gas samples 
produced by the pilot plant operation. 
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Th* foregoing general account of the centrifuge pilot plant 
project has, In the main, been taken fro a the Standard Oil Development 
Coapany report on the Gas Centrifuge Development Project (App. 3-1 U). 
Reference is made to that report and the details contained therein if 
more complete Information Is desired concerning the overall centrifuge 
pilot plant project. 

1-S. Die continuance of the Centrifuge Method of I so topic Separation ~ 
5-1 Committee meetings, held 10 and 11 September I9U3, resulted In a vote 
to permit the University of Virginia contract to run to Its completion 
date; that was, not to atop the centrifuge work at that location at that 
time, and to have the Standard Oil Development Company continue to spin 
the short bowl centrifuge for an aggregate of k months at as email expense 
as possible. Dr. X V. Murphree f one of the Committee members, and also 
( on official of the Standard Oil Development Company, indicated certain 

additional costs which would be involved tot* (1) complete development 
of the short and long bowl machines! (2) continue pilot plant operation 
with the above machines! and, (3) cover the possible continuation of 
centrifuge research at the University of Virginia. A vote to determine 
authorization of the directly above resulted in a tie. Committee members 
Doctors Murphree, Compton and Lawrence were favorable to the full pro* 
gram and Doctors Conant, 3rlggs and Urey favored the curtailed program 
previously voted. It was determined that final decision for the $-1 
Committee was to be made by Sr. V. 3us» t Director 0S3D, without benefit 
of any recommendation from the corarcittee (App. A-U) 0 but the situation 
changed as the result of la tor developments. 

Through his letter of 6 eceraber I9U3 to the other members 
^ of the 3-1 Committee, Murphree provided a summation of the centrifuge 

project ae it then existed (App. A-l{}. That letter, and the report 




transmitted therewith, primarily concerned result* obtained through 
pilot plant operation and T9ferrBA to an existing plan to discontinue 
those operations *s of 31 December 19^3* letter indicated that 

satisfactory results "ere being obtained *nd recommended that the overall 
project be carefully reviewed by the OSH0, or the Army, prior to 
bandonaent. 

tiettewof 7 Booember and 11 December 19^3 from tJrey, reepec- 
tively to General droves and Conant, contain his views as te the possible 
attractiveness of the centrifuge method (App< A-5 and A»6). 

?ro« an independent investigation made at the direction of 
General Groves it did not appear that the centrifuge -method could catch 
up with the then existing ele ^romagnstio end gas diffusion methods of 
urnnlum isotope separation* It did appear that extensive, if not pro- 
hibitive, facilities would be equlred for the wartime construction 
of the proposed centrifuge plant. 

On 10 December 19**3 General Troves communicated with Conant 
and invited his attention tot* (1) the condition that the 3-1 Committee 
had not recommended that the centrifuge method be carried forward! (2) 
the appearance that It would be impossible to complete the centrifuge 
plant engineering **nd construction In time to be of value in the wart 
and, (3) the fact that more than one method of producing the desired 
product had already been embarked upon. Conant s vievs from a scientific 
standpoint v«?re requested (App. Ar»7). 

Dr. B. C. Toiman, /ho had inspected the centrifuge pilot plant 
on 15 December 19^3 informed c -nsral Groves, by his letter of 30 December, 
of his vlaws on the merit of continuing the centrifuge method (App. A-g). 




Acting upon the request of Conant. Murphrec replied to him 
on 22 December and presented a rough time schedule for large centri- 
fugal plants (App. A-9). tinder the 3fi«e date Murphree also wrote to 
Conant outlining the status of the centrifuge process and Indicated 
further experiments vhich would be required If the centrifuge develop- 
ment program wae to be continued* (App* A-10). 

Conant 1 • reply of 28 December to General Proves' letter of 
13 December stated that arrangements had been made for comment of the 
Individual members of the S-l Committee in lieu of a formal vote of the 
Committee. Conant stated his personal opinion regarding the centrifuge 
program to bet- (1) that in consideration of the time schedule, as 
provided by Hurphree. it was impossible for the centrifuge method to 
be brought into the then present program except as an additional 
insurance against failure of the three methods being pushed) (2) that 
the United States was then spending all of the money. time. »nd n&terial 
then justified on the overall separation program | and, (3) that an 
insurance program which would materialise at such a late date would be 
entirely unjustified (App. A-ll). 

Hurphree presented his opinion concerning the continuation 
of the centrifuge project to General Groves on 3* December. He reasoned 
that two methods of obtaining the final product appeared to be suffi- 
cient ond that the electromagnetic method had progressed too far to 
warrant replacement* It was suggested that the study of the feasibility 
of replacing the diffusion method by the centrifuge method be determined 
by a committee to be appointed by General Groves (App. A-12). 

t*awreace Informed General Groves on 1 January X^kh of his 




recofinnendatlon that the centrifuge ...rcgram be terminated (App. Arl3). 

Urey, in his letter of 3 January to Conant stated Ms favor- 
able opinion of the centrifuge method (App. A-lU). Urey also Informed 
Sonera! Groves, on 3 January, of his opinion that a committee should 
be appointed to study the desirability of substituting the centrifuge 
method for the diffusion method of Isotope separation (App. A-15). 

The 3 January consent of Brings to General Groves wae 
that procedure with the centrifuge method should he dependent upon 
General Groves' opinion regarding the duration of the war (App, A»l6). 

On 12 January Coup ton Indicated his opinion In a letter 
to Conant (copy to General Groves) that efforts should he concentrated 
on methods already in hand and that the centrifuge production plant 
should not he undertaken (App. A-17). 

?or reasons which hnve been Indicated by the foregoing 
General Groves informed Conant on 19 January l$kk that further exten- 
sion of the centrifuge project was not justified at that time (App. A~lg). 

Shortly after the above exchange of correspondence work upon 
the centrifuge method of separating uranium isotopes was brought to 
a termination, ^hile at that time there wae still some question 
regarding the suitability of the other methods of separating the 
desired product, nevertheless^ later events, particularly In regard 
to the successful production obtained by the diffusion method, have 
proven the wisdom of the decision made* 
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2-1. General - During the late summer and fall of I9UI Professor 
H. B. Smyth, as a member of the Uranium Section, became particularly 
Interested in electromagnetic methods of separating uranium Isotopes. 
At that time Professor 3. 0. Lav rone e was proceeding vlth his work on 
the "oalutron* and obtaining evidence of promising results (see look ?). 
Cue of the features of the *calutron* consisted of *n essentially one- 
dimension slit type of source. In contrast to that feature It appeared 
that an extended ion source would possess obvious advantages. This was 
discussed between Smyth and Br. H. R. Wilson and the latter proposed a 
scheme by which it was believed that a plane source of considerable area 
could be used. The proposal was based upon the "bunching* of Ions in 
a manner similar to that lone by a Klystron high frequency oscillator, 
because of that similarity the icheme was at first referred to as the 
"Klystron* method of separation, but later 9 as a security measure. It 
was identified as the "isotron* method. 

Trom the above inception the isotron proposal developed into 
a project at Princeton University, under OSHD contract OSMsr-279. et 
approximate cost of $US0,000. The contract was effective on 22 December 
19^1 and was terminated by OSHD on 15 February 19^3. 

Theory - The theory of 1 so topic separation by the Isotron 
method Is based upon ions from a suitable source being accelerated Into 
a field free regioni first, by a large constant voltage field, and/, 
3econd, by an alternating voltage field, preferably of saw tooth wave 
form. Ions going through the alternating field at the beginning of 
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a cycle would not bo further accelerated, but those reaching it later 
in the cycle would get an increment of kinetic energy proportional to 
the instantaneous value of the alternating voltage. The resulting 
increase in velocity of the later ions would be such as to cause thea 
to catch up with those that had passed earlier into the field free space, 
i.e. the ions would "bunch". The foregoing was expected to result in one 
location, within a suitable machine tube, which would be reached by all 
ions of the sane mass which entered the alternating field during the 
cycle. However* as ions of different mass would be accelerated at 
different velocities they would reach the bunching location at different 
times. Thus, assuming Ions of two different masses being accelerated 
from the source, by choosing the proper value of period oscillation, 
accelerating voltage and distance to the bunching point, a bunch of one 
mass ions can be made to occur midway in the time interval between bunches 
of the other mass ions. Separation of the bunches can then be achieved 
by setting up deflecting plates to divert the ion masses In different 
directions of travel. As the bunching effect described la along the 
direction of motion of the ions it therefore imposes no limitation on 
the cross-sectional area of the beam or the source. 

2-3. Research, and development - 3*rom a theoretical standpoint there 
appeared to be no obvious impossibilities in the isotron method; neverthe- 
less, it was quite evident that many difficulties were probable in its 
development to a large scale production plant. Some of those difficulties 
/ere applicable to all electromagnetic methods of separation, some 
applied in particular to the Isotron method, but, fortunately, some 
which were very important in other methods were of little consequence 
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la the subject method, 

a, For an/ electromagnetic method to succeed it wag recognized 
that a powerful and adequate source of lone must be available. Out- 
standing requirements for such a source were reliability, purity and 
efficiency "both as to oaterial and power. *hen work on the "isotron* 
method was started the only sources of uranium ions which had been 
developed successfully "ere a gas discharge in hexs fluoride and electron- 
controlled arcs in chloride vapor. Sarly adaptations and developments 
for the isotron method resulted in two sources, either of which appeared 
to he usable, but neither of then was entirely satisfactory. Those 
sources were as follows! 

(1) An arc was established in vacuum between electrodes, 
to be described, and the ion* were drawn out of the 
plasma of the arc. Innumerable shapes, sizes and 
materials were tried but, in each case, the uranium 
eventually destroyed or severely corroded some part 
of the source apparatus. One of the first electrode 
materials tried was tungsten. Good sources were 
established but they deteriorated because molten 
uranium alloyed with tungsten and, when present in 
sufficient quantity, gradually ate through it. It was, 
however, observed that if a small quantity of uranium 
was used it ' ouid evaporate as a vapor without causing 
serious d mage to the tungsten, A source was developed 
in which a 3 mall piece of metallic uranium was dropped 
on the tungsten rod which formed the anode of a hot 




oathode arc. *hea the uranium vat exhausted the 
potential drop icross the arc lacreased sad activated 
a mechanism to deposit aaother piece of uranium metal. 
This supplied more vapor aad restored the are to 
normal. 'Hie principal advantage of this source was 
the purity of ions obtained from it. 
(£) A hot cathode arc la uranium chloride had been 

extensively used at Berkeley and was the subject of 
considerable work at Princeton* It provided large 
currents, ran steadily rnd served as a thoroughly 
usable source. Essentially it cons Is -*d of a boiler, 
containing the chloride at a controllable temperature, 
snd an ore chamber into which the vapor diffused. 
The chief difficulty of this source concerned the 
purity of the Ions obtained. 
Hot cathode arcs in metallic vapor *ere used for several 
months on each of the experimental "isotrons'* placed in operation. An 
automatic loader for renewing the supply of ureniua was devised and worked 
satisfactorily. The life of the tungsten anode was found to be limited 
in the order of 6 to 12 hours but it could be easily renewed, fork was 
also done on a continuous feed mechanisms for both the uranium and the 
tungsten. That continuous feed save promise of successful operation. 

b. At the beginning of the project it was realised that 
space charge might be a limiting factor in the isotron operation. It 
was considered that such effects might be encountered in a number of 
ways. Space charge could limit the ion current drawn from the suurce. 



Through space charge influence on the shape of the *re plasma difficulty 
aight 9x1 si In obtaining proper focus of the ion beam. Space charge 
Might affect the formation of bunches, also It could cause the ions to 
spread out transversely. Results of early experiments prompted an 
assumption that space charge effects would uot he as serious as at 
first feared. However, later experimental operation indicated the Initial 
assumption not to be wholly correct. Certain difficulties then encountered 
caused a very definite suspicion that spree charge, while not spreading 
the beam as a whole, was, nevertheless, affecting bunching and keeping 
the separation factor down. Investigations in this respect led to dis- 
covery of "second order" bunching. It was established that because of 
space charge there was a critical value of current density above which 
"first order" bunching fell off rapidly and high values of separation 
were not likely. Various operations with two of the experimental isotrone 
confirmed this relation. The theoretical formula for the limiting 
current density suggested raising the voltage and shortening the isotron 
tube as a remedial measure, Raising the voltage required a change in 
frequency and an increase in voltage on both tranche* and analyzer. Jut 
by certain changes In the phase of collection, it was possible to shorten^ 
the tube without altering appreciably the voltage or frequency. When 
that correction was made on one of the experimental units an Increase 
In usable current density was obtained. -The next step was obviously to 
go to higher voltages «nd frequencies and a still shorter tube. The 
combination of higher voltages and higher frequencies would no doubt 
have presented additional problems in development of a production isotront 
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however, It was believed that those problems could have been solved. 
Unfortunately at that time the intending termination of the overall 
isotroa work made It Impossible to adequately redesign or reconstruct 
either the Puncher or the analyser. As an alternative remedial measure, 
in the event that a considerable decrease in the tube length and increase 
in the voltage could not be obtained, it was proposed that steps be 
taken to neutralize the space charge or that higher order bunching be 
established. These last-mentioned possibilities were based upon theory 
only and were not experimentally explored. 

o. Reference has been made la paragraph 2-2 to the preference 
for a saw tooth wave form for the accelerating voltage field. Actually 
such a wave form was not obtained pad various approximations had to be 
considered. It was, of course, found possible to obtain a degree of 
separation of isotopes with a normal sine wave if ions accelerated In 
part of the cycle were discarded. Therefore a determination was required 
between efficiency and the degree of separation. The efficiency related 
to the used fraction of one cycle of the accelerating alternating 
current. f £he separation of the product was defined as the factor by 
which the ratio of heavy to light isotopes was decreased. A wave form 
nade up of a sine wave In combination with a number of harmonics appeared 
to provide a suitable substitute for the ideal saw tooth form. Cooperation 
was obtained from the Radiation Laboratory at M.X.7. in constructing 
saw tooth wave form Oscillators. One such device operated by successively 
charging a condenser through a resistor at a steady rate nd then dis- 
charging the condenser through a radio tube upon whose grid a sharp 
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positive pulse was applied. Another oscillator syntheeiaed the desired 
ware form or adding harmonic gine waves together. 

2-U. Experimental Units - The fir* t experimental isotron vraa set 
up in January, 19^2. The unit consisted of a brass tube 3 »• lon£ 
and 11 cm. in diameter, The tube was in several sections and had ports 
spaced every 5^ cm * purposes of observation, insertion of 

electrodes, and aojforth. The ion source, accelerating electrodes, and 
bunching electrodes were at one end of the tube with limiting diaphraSae, 
deflecting plates, and detecting devices at the other end of the tube. 
Auxiliary equipment, such as pumps, high voltage source, arc power 
source, amplifiers, and oscillators had either been constructed or 
adapted from equipment available in the laboratory. Initial operation 
of the first isotron was simplified by the substitution of lithium for 
uranium as the material to be separated. That substitution had tvo 
advantages. 71rst, a plentiful supply of Id * ions could be obtained 
by heating spodumene, thus simplifying the source problem. Second, 
the Isotopes of lithium differ in mass by nearly 15 percent A of the 
approximate 1.2 percent for uranium; also the abundance ratio was about 
12 to 1 Instead of 1*K> to 1. The operation was further simplified by 
inserting beam limiting diaphragm* near the receiving end of the tube. 
A high frequency sine wave "as applied to the deflection plates. The 
buncher voltage was applied and its phase varied relative to that of 
the deflecting voltage. Under operation it was observed that the 
T 4y ions were deflected to one aide and the Llg ion bunches were 
deflected to the other side. The current for the first operation ^as 
ainute - of the order of a microampere - but it was demonstrated that the 
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method wag workable. 

Itaeessary refinements were mads to the unit for the separation 
of ions differing in mass by only 1.2 percent, and early ia April, l9U2 t 
experiments with uranium were carried out ia a manner essentially as had 
been performed with lithium. Again^ success was attained la the experi- 
ment j thus proving that the method was workable for uranium Isotopes. 
Ia the latter experiment larger currents vers employed but they were 
e till relatively small for any practicable purpose. 

The next objective was to get a larger current down the isotroa 
tube and to analyse the whole current la the tube Instead of diaphragmiag 
out all but a small part of it. the tube and source conditions "ere 
altered until currents la the order of a mill tampers could be brought 
dowa the tube. The problem of analysing Ions from the whole cross- 
section of the beam was solved by a combined electrical lens and analyser, 
that device consisted of a series of insulated parallel strips of 
tantalum being stretched across the tube near Its collection end. D.C. 
potentials were applied to the strips in such a manner as to direct the 
Ions forming the beam to a focal point. A high frequency deflecting voltage 
was superimposed on the 3. 0. voltage with Its phase such that zero 
amplitude occurred when bunches of the desired isotope came through the 
analyser. For all other ion bunches the high frequency deflecting field 
was of sufficient strength to deflect the focal beam to one side or the 
other off of the collector. The analyser was first tested merely as an 
electrical lens. ?here was no difficulty in "bringing the beam to a 
proper focus. £»ater a degree of separation of uranium isotopes was 

e. 

obtained when the high frequency bunching and deflecting fields were applied. 
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The results of foregoing operation* vera in many respects 

bcQrn 

in accordance with theoretical desires but beeeae currents of one milli- 
nmpere were of no practical use. fo obtain the necessary production a 
plant capacity of many amp«res had to be contemplated *md a single unit 
capacity had to be in the order of amperes. 

In order to study the problem of est blishinf and maintaining 
relatlrely large current in an Isotron unit It appeared advantageous to 
conduct experiments with apparatus other than the Isotron itself* A tube 
6 Inches In diameter end about 2k inches long was constructed together 
with a pumping system and auxiliary electrical equipment. 3oth types 
of sources and many electrode geometries were tried with the tube 
arrangement. Using a metal vapor source behind a tungsten screen and 
accelerating the ions to another screen about one cm. away provided a 
current of 60 ma. from a source of about 20 cm 2 with a total drain of 
only ISO ma. from the source. The beam down the tube gave evidence of 
very little spreading; however, it was recognised that additional study 
was required to assure thrt the angular divergence of the beam would be 
held to a few degrees. It was also required that sputtering of the 
electrodes be studied. With a chloride source the electrodes in the ion 
path were sputtered away at an appreciable rate as soon as the current 
density reached the order of 1 ma/cm 2 . However, results indicated that 
uranium ion currents in the order of nilliamperes per could be 
obtained and that such currents would be sufficient for isotron opera- 
tion. 

In continuation of experiments on larger operating currents 
the preceding tube was replaced by a moderate sized complete isotron. 
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ludi^tjd t?m ^qpdlriafiat of ai^oa vith Uooo -«tnit* in the first 

3t*g* \ad a total of not nam tti** -'lOOO *t&t« in th# six Tucc#«din# 
ets$««. Tht cost of such n ***** «•« wry roughly mtiffftifti to b* 
110,000^000, 

?he forego!"- 00 oration ««ort(»«d*d to th# stW8#* of 19^2 
.r*d ihm difficulties N»o*n# * ; arent. foehaient troubles *uch *a loale* 
nd Incnl* tioa Wm-Mmm% developed vith »oth *xpo*im?rnt*t unit«, Satis- 
fact^iy e*j rtticn factors *^ro ?iot oht^ijtfd, Tho^o diffidaltifftf 
I irtlctil&rly latter it®?t r<?l n .tirtf? to sOTjar^tiott^. approschod such 
41 ojvrtl:a tfnt ''fubt of tho or*rp!t saitsoility of Hi* isotron wothod. 
h jo no a£ ront. 

2-5, .^>ryiov o^ tnotroft .^^ l ojffi»n^ rad . ^g^iwitiftn of ^grit - 
1 i rs of this 3-1 ^rooutiva Corwdtt^* it Princoton oa 



\%h2 to (♦'scuso tho iootron method of n^nratinif isofccpot. Thoy mm 
Informed tJ • t o£p<»r!ttont 1 o^rrMon h*td indicated l*r**# current* could 
olJtDined in the. t^etrctt n*thod Tnst th*t ©TPcr* char** ***f sr arontly 



i>r«T tin "uit.'hlo « tlon ntietr* a srUicni f*tirr<»nt <!<*n«ity. 
.'-tttion »f of t'.o jropo^al to conntrnot a third oT|7orir?.ont<kl 
loctrcn nM, th«t that unit to o.v^ 4\ 3^** tu"b#, vith t>iuich#r ?»wd 
•lyr;«r mf»i "Oh ?t tt w»a hcpf*d thnt th* mm unit vottld 




' "be ready for operation by the end of larch* 19**3. On the basis of 

their findings at Princeton the Commit toe recommended that work on the 
isotron method be discontinued at an early date as it did not appear 
that development could be completed within the time available for 
wartime need. 

Acting upon the recommendation of the S*l Committee the OSRD 
Informed the contractor that the subject work was to he brought to a 
close on 15 February l$k}* 

In the two months interval between the review by the 3-1 
Committee and the actual termination of the isotron work operations 
were conducted on both experimental units, ('fork on the 3&* Isotron 
was terminated without its being completed.) Improved results were 
obtained rnd there was evidence that a clearer understanding of the 

( 

causes of the attending problems was being reached. 

(Refer to App. 3-l6, 3-17, 3*18 t 3-19 and 3-20 for additional 
details of the isotron development.) 
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S JC^IOH 3 - 2H38 C0UIJT3H-C!JltHSirr SIjKC I GBA3?I OH M3JHCD 

>l. General - During the summer of 19^1, A. Keith 3rewer and 3. 
L. Madorsky developed a reflux electroraigration method for the concen- 
tration of isotopes* The mechanism presupposed the existence of slight 
differences In the transport velocities of isotopio Ions in solution. 
?hs basic principle involved in the process was the establishment of 
the conditions of counter-current reflux between the Isotopio ions 
migrating in one direction in an electric field and a stream of electro* 
iytt flowing In the opposite direction. 

3*2. Theory find Preliminary Experiments - A difference in the 
transport velocities for Isotopio ions had been postulated as early as 
1921 by tdndemann. Jumerous attaapts by Kendall and his co-workers in 
which ions vers electrolysed through long columns of agar failed to de- 
tect a separation effect. It was not until the counter-current eloctro- 
laigration method was developed at the National Bureau of Standards that 
a separation based on ion mobility differences was realised. The process 
was tested originally with potassium. 

Reflux was attained by inducing a counter- flow of electrolyte 
through a packed tubs at such a rats that the net forward transport of 
£*lons was reduced to zero. Under these conditions 9 the faster-moving 
-^X ions mads headway against the flowing stream and were concentrated 
in the cathode compartment. At the same time the less mobile ions 
vers carried back towards the anode. 

An electrolyte cell used In the concentration of 39k consisted 
of anode and cathode compartments separated by a tube packed with a 
uniform-grained porous material (sand). The anode compartment was 



connected by raeans of a siphon to a constant lore! gpill^wsy. Platinum 
electrode* were placed 30 as to prorlde a uniform potential distribution 
across the packing, 

Before starting the run g the cell was filled with electrolyte 
to the desired lerel as determined by the height of the spillway. 
(Either K 2 SO^ or KO^ solutions were suitable as electrolytes, the offset 
being independent of the chemical nature of the anion* k concentration 
of 1 mole of salt to $0 moles of water was found to be convenient although 
the effect was independent of the concentration between wide Halts. } 

In operation v K* lone Migrated towards the cathode compartment 
while 30^ lone migrated to the anode. An electrolyte stream-flow was 
Induced In the cathode-to-anode direction by adding a solution of HgSCty 
to the cathode compartment and XOH to the anode compartment, -fhen the 
concentrations and rates of addition of both solutions wore auch that 
the concentration and pH of the electrolyte throughout the cell regained 
constant during the run, the flow of electrolyte through the packing 
was Just sufficient to reduce the net-forward transport of potassium to 
zero. The packing thus behared as a packed fractionating column operating 
under total reflux, and concentrated In the cathode compartment. 

Xn addition to the concentration and nature of the r^nione, 
a large number of other variables were tested. These included the 
electrolysis current, the temperature of the bath in which the cell 
was immersed, the composition of the packing material and the porosity 
of the packing. Among the packing materials tested 'ere s«md f glass 
beads, carborundum* asbestos, glass wool, cotton, filter paper, alundua, 
and rubber battery separators. 



1^.37 



The results obtained with potassium vers very encouraging. 
Starting with ordinary potfcasium in which ths abundance ratio is 
39k/ 1 % * 1^.20, ths ratio was changed to ovsr 20 in less than 200 
hours. Oikevlse, when ths cell was run in reverss ves concentratod 
in ths anods compartment with equal afflciency. 

An analysis of ths isotope distribution throughout ths length 
of too packing shoved that ths entire concentration occurred in about 
the first centimeter of peeking, ihs most rapid Changs in composition 
*a* found in ths first two millimeters adjacent to ths cathode compartmsnt. 

3-3. Attempted Separation of Uranium Isotopes. - ?hs results obtained 
vlth potts^ium vers so encouraging that they suggested ths method should 
proTs an efficient means for ths concentration of uranium isotopes. 
During 19^2 a large number of experiments vers performed using 
UD 2 (3Dj) 2t ^g30^ t and UOgOlg as the electrolytes, ihs results were 
uniformly unsatisfactory. A Changs in concentration of only 0.3 percent 
was ths highest obtained by mass spec trorae trio measurements. Alpha- 
Count measurements in comparison gave enrichments as high as 2.9 percent. 
It Is believed that ths discrepancy between ths two methods was due to a 
radioactive impurity in the uranium. 

In applying ths ion migration method to ths concentration of 
uranium ions, ths National bureau of Standards had ths cooperation of 
Professor H. 3. .toned and his co-workers at Tals University, (App. 3-21) , 
of Professor £raus and his co-workers at Jrovn University, of Ouncan 
'*ac lanes and L. 0. Longsworth of Rockefeller Institute of Medical Research, 
sad J. V. tfesthaver of ths U. 3. Patent Office. 
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SaCTtOB* k - TH3 CCtOT»-CUHHUS1? KWLm MOLSCUtAB STILLS friOTIOD 



"reneraj - During February I9UI, the research on the separation 
of isotopes which was being carried on at the Pixed Htrogen Hesearch 
Laboratory of the U. 3. Department of Agriculture was transferred to 
the National Bureau of Standards under the direct supervision of Dr. 
Lyman <T. 3riggs. Tor eight months prior to that tine, all results 
obtained relative to this work had been reported exclusively to his. 

Theory and Barly Development - Two principal methods of 
separation in which mercury was used as the test liquid were under in** 
veetigation. namely I (1) Molecular distillation in counter-current re- 
flux stills, developed by A. Keith Brewer, S. L. Madorsky, and J. W. 
esthaveri and ( (2) Adlabatlo distillation in low-pressure stills, 
dsvelcped by A. Keith 3rewer and J. tfesthaver. 

The term molecular distillation has been applied to that type 
of distillation where there is no exchange between the escaping vapor 
and the evaporating surface* 'this is accomplished by operating at such 
low pressures that the mean free path of the escaping molecules is of 
the order of the distance between the surface of the evaporating liquid 
and the cooled condensing walls of the still* 

In aolecular distillation* the relative rate of escape of the 
various molecular species from a composite liquid surface is determined 
byi (1) the partial pressure of each component | and, (2) the number of 
times each component strikes the boundary medium. In the case of the 
Isotopes of the heavy elements In v/hich vapor pressure differences are 
small, or non-existent, the relative rate of escape of the different 
i so topee Is inversely proportional to the square roots of their atomic 



weight s. 

The 1 so topee of raercury were first concentrated by 3ernsted 
Hevesy In 1920 using small single-stage nolecular stills. Shis 
aethod was extensively inves tinted by Harkin* and his co-worker* at 
the University of Chicago. foil* the chants in concentration per coll 
approached the theoretical value, nevertheless/ the sethod was not suit- 
able for obtaining high isotope concentration* because of the very 1 rge 
number of separate distillations that had to be made* The labor involved, 
the time consumed, and the large quantity of mercury required rendered 
the method of little practical value* drewer, fadorsky and Westhaver 
developed a new type of molecular still In which any desired number of 
single-stage stills were so connected together that the resultant 
separation realised in one operation wa* equal to the separation per 
stage raised to the power of the number of stage** All transfer of 
laaterlal between stage* took place automatically by gravity feed. A* 
a result, the labor involved in a multi-stage syetea wa* reduced to 
little more than that for a single-stage operation. In addition, the 
quantity of mercury required, a* well a* the time of operation, wa* 
reduced to such an extent that the method became an efficient process 
. for the separation of Isotope* (App. 3- 2a). 

The multi-stage molecular still a* developed consisted of 
a series of evaporating surfaces, or pools, set adjacent to each other 
but at slightly different levels. A cooled roof placed directly above each 
pool served to condense the vapor. '.The roof* ere so sloped that the 
condensate ran along the surface and fell into the adjacent cell higher 
up.. Kaeh peol va* equipped *ith a spillway which allowed liquid to run 



back in amount a quel to the condensed vapor carried forward. Thus, 
in a series of calls, the vapor from each pool vat condensed and allowed 
to drop into the next higher pool vhile an equal volume of liquid ran 
back* At a result, the more volatile material vat concentrated In the 
uppermost cell while the leatt volatile was collected in the lowest 
cell, At equilibrium, the difference in concentration between successive 
oellt wat the same* 'ike ratio of the isotope abundance on the condensing 
roof to that of the evaporating surface for any given cell vat termed 
the separation coefficient. The over-all separation factor wat the 
separation coefficient raised to the power of the number of stages in 
reflux* 

A compound to be used economically in a molecular still must 
be a liquid with a vapor pressure of the order of 1 mm f 1% a * the tempera- 
ture of the evaporating plate and 0.001 am. 3g, or lass, at the temperature 
of the condensing roof. Since river water is the cheap^nt source of 
cooling, the greatest economy could be realised for those compounds 
whose vapor pressure at room temperature vat negligible. 

^-3. Separation of Uranium Isotopes - The problem of finding a suit- 
able uranium compound to use in the molecular stills was not simple. A 
number of double salts of the type UCi^^lCl ware tested by S. t». ttadoreky 
but they all decomposed at reduced pressures. In addition, a number of 
solids having appreciable vapor pressures were tasted by 3* t». .ladorsky 
and I. Taylor. 'These compounds all failed to show an lsotopic 
separation because of the inherent difficulties of mixing solid sources. 
Tests to find an aseo trope for the chlorides, or fluorides* of uranium 
resulted in fallurs. It vat not until early in 19*T5i Professor 



Henry Oilman syntheaiaed lACCgH^, that at suitable liquid was avail- 
able for use in the inolecular stills* A au&ber of similar organic ur&nlum 
compounds were developed at the National Bureau of Standards, and >y 
Professor Oilman, but none proved as efficient s uranium pentaethoxide. 
■The other compounds were either less stable or had too low vapor pressures. 

Xiamediately following the discovery of uranium pentaethoaride, 
work was started on two general typos of molecular a tills* The first 
type developed by 3rever# Madorsky, esthaver and Taylor was of the 
higfr»platage al gravity feed design, numerous modifications of the 
same general design were tested* The most successful design consisted 
of a long glass tube indented along the bottom at regular Intervals to 
form shallow pools* A water-cooled copper tube, to which copper con- 
densing plates *ere attached, wee then Inserted in the glass tube In 
such a oaaner that the liquid evaporating from each tube condensed and 
dropped into the next highest pool. The entire assembly was placed on 
en incline of about 5° so that the liquid spilled back from pool to pool 
equal in amount to the quantity evaporating. Stills of this type, B 
feet in langth, gave a change in isotope ratio of if after operating 
25 days. 

The second type of molecular still was developed by 3. fc, 
<ladorsky. It consisted of a number of vertical cells arranged in series 
in such a manner that counter-current reflux was maintained throughout 
the entire group. Special magnetic lift pumps ^ere designed to supply 
the feed between eel 1 a. The results obtained from 10 cells operating 
in series gave a separation coefficient of 0.1 percent per theoretical 
plate, 'fhta vas to be conparod 'dth e theoretical value of per 

^2 



plate. 

•The result! on aoleoular distillation show that molecular 
stills can o* connected in series and mads to operate in unison under 
counter-current reflux, and the Isotopes of mercury and of uranium have 
been concentrated in such stills. Although the theoretical separation 
efficiency was not attained for the Isotopes of uraniua 9 the aethod 
presents certain advantages froa the standpoint of power consumption 
since temperature* not to exceed 150° 0 are required for the evaporating 
surfaces ~?nd river vatsr can be used for cooling the condensing surfaces. 

the National Bureau of Standards had the cooperation of 
*>rofes8or Henry Oilman and his co-workers at lova State College of Antes* 



this research! and of Jr. J. W. w ea thav»r of the U. 3. Patent Office in 
working out much of the theory involved. 
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3~*» £g33£5i "° ^^ri^eT the early part of 19*t§ a method of separating 
uranium isotope* by alternately vaporising and condensing UTg was pro- 
posed at Columbia Jaiv«rsity # ?he process appeared novel c-nd, on the 
basis of the then meager data from a limited number of experimental 
rune* gave some premiss of success. 

Jrisfly the method propotod consisted of noving process gag 
In a tubo through successive hot and cold zones so that vipers *®re 
continually formed and partially condensed* tfhder such arrangement it 
was Indicated that the Isotopes vould move toward the opposite ends of 
the tube* Under the experimental setup, copper tube, in the font 

of a 22 tum t 6* diameter, helix* was, rotated slowly (1.05 r.p.m.) on 
a horizontal axis through stationary hot and cold zones. The test 
unit f exclusive of drive mechanism* refrigeration, etc., occupied a 
floor apace of approximately 6 square feet. A store complete description 
of the equipment and method of operation is provided by the contractor's 
report ( ^pp. • 

The potential advantages offered by tho system seamed to bet 
(1) low capital cost of plant duo to relatively simple equipment 2nd 
floor space requirements J and* (2) low operating and maintenance 
personnel requirements. 

Analytical ta md sarly results obtained for the subject 
uethod of isatopio concentration /are somewhat questionable and empha- 
sized the ne^d for further tests to substantiate the onhancemsat re- 
ported by the contractor. 2hat condition tsd to the recommendation 



that a program of 3 1 tidy be cuthoriaed to: (1) »stablish conclusively 
the separation reported} (2) determine the eff eots and importance of 
▼arious process variables f (3) theoretically ntudy the principles 'uider- 
lyinf the functioning ef the process; and, (k) conduct a chemical engineer* 
ins review of the oethod to determine the type of equipment 9 proees» t raid 

T' 

controls to be used in a production plant* 

Subsequent investigation revealed that little or no separation 
of ur*?niu« is© topee could be 6M^9mi^A upon for the sublimation-conden- 



sation process* ?his 



outcome had the full concurrence of All concerned 



and the process was dropped as being entirely unsuccessful * 



c 
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S3CTICI 6 - TK35 HME&V/ATZR METHOD 



6*1 . General. Prelininatry experiments by Dre. f. 3. Brown ond 3. 
"feinetoek, at Columbia University, la August, 19**2, indicated that a 
fractionation of uranium lsotop«a took place who* an aqueous solution 
of uranyl nitrate was extracted with ether* The process is described 
briefly by the following outline of one of the experlmente conducted 
at Columbia, An other solution containing 10 kilograms of uranyl 
nitrate was shaken with sufficient water (20$ by volume) until distri- 



bution equilibrium of the salt between the two la/ere was attained, 
The water layer was then removed and the concentration restored to its 
original value by evaporation of the ether, a small amount of water 
was added to the solution to effect additional compensation. The 
process of extraction was then repeated using 20# by volume of water 
which was equilibrated with the ether layer and subsequently removed, 
lorty extractions of this type were usually employed, which left about 
one gram of uranyl nitrate in the ether layer, Thus the reduction of 
the uranyl nitrate wae from 10*000 to I and, as was reported, yielded 
a fractionation factor of 1.00063 (App« 3-2*0. 

On the basis of the above an estimate was made of the sine, power 
requirements and cost of a plant to double the concentration of U235. 
That estimate indicated that such a plant could be constructed without 
a great drain on then strategic materials and that it would not be 
unduly costly. 

Subsequent to the above activity at Columbia, work on this project 
was carried on simultaneously at Tale University, at the University of 





Pennsylvania, and at the duPoat Company laboratories At Yale Uni- 
versity, Professor Harnsd sad hig co-workers repeated the original 
experiments of the Columbia group, and alto made many n ev extractions at 
different temperatures (App. 3-21). Ine work of 3r. H. Kilpatrick, at 
the Uhivereity of Pennsylvania, provided a great deal of information 
with respect to the analytical procedures for uraayl aalt solutions, 
and, also, the settling tinee for mixtures of ether and water solutioae 
of the aalt (App. 3-25). The duPont Company work was directed toward 
the determination of the necessary large scale apparatus (App. 3-26). 

The foregoing study at Yale University showed that the fraction* 
atlon factor for the ether-water method was not so large as had been 
expected. In fact, Beport A^JIJ (App. 3-21) atatee in part t regarding 
samples analysed, that they * showed no Increase in U 2 ^ whatsoever, so 
that the original favorable prognostication was proved to be entirely 
erroneous. * The statement contained In Report A-713 was considered to 
have been proven by the results of ten well conducted experiments. 

In view of the foregoing the subject work was discontinued and 
the project was abandoned. 
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SKCTIOI 7 - TKX ICNTO CTTFIitJGS METHOD 



7-1. Oonoral. , ^arly la 19^2 Dr. J. Slepien joln«d the group at 
Berkeley to engage in work on eleotreaagnetlo methods of separating 
uraaluxi iao topee. Slefiaa had cone* trod a particular method known a* 
the Ionia centrifuge, and hie aotirity at the Sadlatioa laboratory, 
until the end of the year, vae confined to the development of thie oon- 
oeptioa. After 31 Seeeaber l9H2 t farther investigation of the proeee* 
vae transferred to the ^eetinghoue** Beseareh £aboratorte» t 3a* t Pitts- 
burgh, Ponneylvaaia, "here It we* continued until the termination of 
the Manhattan District control. Appendix A-l$ of thie history provide* 
an account of the baaie theory, the difficulties encountered, and the 
result* obtained for the Ionia centrifuge during l<fe Xn general that 
account indlcatee that torn reparation of the deeired material *a* ob- 
tained! result* vera not cone le tent hovever t «ad necessary developnent* 
were not completed in ti»* te offer prenlee of fulfilling the war tin* 
need. United quan title* of uranium were made available te Br. Staple* 
for hi* continued lure* ligation, but further activity at the ?eetingfeoue* 
He search !»aboratorie*, before the termination of Manhattan district con- 
trol failed to chang* appreciably the statu* of thi* derelopfcent. 



oBc^xoh a - 'jot -^Ho'TocinaiiciL >iswm 

8-1. General. Harly In 19^3 * program was initiated to determine the 
feasibility of separating uranium iao topes by a photochemical nsthod. 
Initial work was undertaken V the Chemical Division of the Columoia 
Group under the direction of Professor H» G. tfrey. Hie probability of 
the success of such a method was dependant upon whether or not a dif- 
ference could be determined in the absorption spectra of the Isotope* 
and them vhether or not that difference could be exploited to obtain 
separation* It was believed that a suitable mixture might be illuminated 
by light which would be predominantly absorbed by only one of the iso- 
topes, thereby bringing it into an excited state. If a reaction could 
be found which would talre place with the excited atom* only and that 
reaction product could be removed from the mixture, it would, in an ideal 
case, contain the desired isotopes exclusively. 

It was fully recognised, that If such * separation Method was to 
be successful the following conditions had to be fulfilled! 

a, There oust be a difference In the absorption spectrum of 
compound* which were identical except for their content of 11235 °* #23$. 
That difference rai^t be - i.ther in the position or the intensity of an 
absorption line. 

b. JEt stoat be possible, to the greatest practicable extent, 

to illuminate the compound with light containing the absorption frequency 
for 1/235 hut t»4 for U23*. *a that manner the molecules containing U235 
would be more readily excited than those containing U23#. 

c« there must be a chemical reaction which would affect the 



excited molecules and remove them, For this coadi tion It v&« important 
that the excitation energy not be exchanged from a U235 molecule to a 
U23& molecule before the reaction could occur. 

£-2» Investigation and Besearch» The foregoing requireraente could not 
be investigated with equal ease, &nd 9 ae study of the abeorption spectrum 
would present information of suitable aubstancee upon which further wort: 
should be done, it was advisable to concentrate In the beginning upon 
that subject. 

Host of the spectrographs work was carried out at Columbia University, 
but some of that research was conducted at Johns Hopkins University, and 
X-ray investigations of the crystal structure were conducted at Cornell 
University* The exploratory spectrograph!® work at Columbia extended 
from February to December of l$k}. Toward the end of 19**3t conducting 
a study of the speotrographle behavior of a uranium compound in a mag* 
netlo field, It became advisable to work with higher dispersion than was 
available at Columbia* A series of experiments was therefore made in 
December, 19*K5» at Johns Hopkins Uhivsrslty, where such facilities were 
available* All spectroscopic work, with one exception (TJ?6) , up te 
June, I9I&, was oarrled out with compounds containing ordinary uranium. 
In I9M1, samples containing chiefly U235 became available and from 1 July 
of that year to 31 January 1 9^5 speetrographle studies vere made at Johns 
Hopkins with selected uranyl compounds prepared from uranium samples 
containing about %Q$ U239- 

Detailed investigations on the structure of the spectra were oarrled 
out at 20°^, the temperature of liquid hydrogen* In this connection It 
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was fall/ appreciated thai any large scale process which night be 
feasible for photochemical separation of uranium Isotopes would la 
all probability have to be carrl I out at a higher temperature. 

The early research of the project was greatly aided by use of a 
collection of various uranyl compounds in cystalllne font which had 
been prepared at Cornell University more than tventy years previously* 
However, it was necessary that crystals used in the latter part of the 
work be grown on the spot, facilities for this were set up at Columbia 
University prior to termination of the project work. 

S»3« Investigation Results and Termination of f <ork n The differences la 
the spectra of uranium salts where U23§ was replaced by 17235 wore com* 
pletely solved for two compounds* as far as wave length shifts are con- 
cerned. The results on intensity changes, however, required further study 
and were not conclusive. Because of incomplete knowledge of the funda- 
mental structure of the spectra of these compounds a definite answer to 
the question of how other uranium compounds would behave under 1 so topic 
substitutions was not obtained. 

Even though definite answers to all questions were lacking* the 
results of the project investigations were such as to permit a statement 
on the feasibility of a photochemical separation of uranium Isotopes* If 
the two compounds investigated in detail are typical of other uranium 
compounds, the changes in the absorption spectra of uranium compounds 
when la replaced by TJ235 too small to make a photochemical pro* 
cese utilizing these dlfferencee practicable. 

'The preceding is a short summary from a final report made of the 
photochemical investigation. ?or details of the problems which existed, 



the Investigations nade and the results attained on this x>roJeot the 
reader is referred to that report (App. 3-27)* 

8-4. Personnel. Scientific personnel proalnent la the project Investi- 
gations were ae foil owe I 

H. C« Urey directed the project throughout lte existence* 
The adninistrative supervision wee carried out by H. 0* Crlet 
during the early stage, and by M« £llpa trick during the later part of 
the work* 

Direction of certain of the exploratory work on the photochemical 
process was assumed by 0« 3, Herri ck t Jr» 

A.3.y« Donean and S. 3*reed directed the exploratory spectroscopic 
work at Columbia University. 

The spectrceceple work at Johns Hopkins University wee under the 
direction of <>• H. JHeke, 

Study of molecule structures ae derived from the spectra they pro* 
dueed was conducted by Urs* M« 0» Mayer* 

'fork In obtaining the crystal structure of a uranlun compound was 
done by J» Hoard at Cornell University* 0» Olbbs cooperated in 
making the Cornell collection of urenyl coBpeunde In crystalline form 
mailable for project study.. 

Coluabia facilities for the preparation of crystals were under the 
direction of &♦ Gilbert ion, 3. freed and % H« Taylor^ 
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So, Description 



1, Report - % Or* Z» &. Deutsch (report Is unsigned but outhor 

it identified by correspondence not included among following 
documents) - Hefers to uranium hexafluoride a* feed material 
for centrifuge process plant. 

2* Report - 3y Dr. 2. 0. Deutsoh (identification of author at 

shown for itea X) • Describes proposed production plant for 
separation of uraaiua isotopes by centrifuge method, 

3. Design Proposal - Outline of gas centrifuge plant* to operate 

between concentration levels of 36# and 90#, for production 
of I Kg/day of material - dated 15 March 13^3* 

k. Letter - 3Voa Dr. 3» V. Murphree to members of 3-1 Committee, 

6 December 19**3 * aeviews gas centrifuge pilot plant progress. 

5. Letter - from Dr. B. 0. Urey to General L. B. Groves, 7 December 
19^3 - Provides comparative figures on gas centrifuge and gas 
diffusion projects. 

6. Letter - from Dr. H. 0. Urey to Dr. J. 3. Conant, 11 December 
I9U3 - Requests that investigation be made of centrifuge 
method, 

7. Letter - Sroa General L. 3. Groves to Dr. J. 3. , Conant, IS 
December 19*0 - Requests view, froa scientific standpoint, on 
feasibility of centrifuge project. 

S. Letter - iron Dr. H, C. Tolman to General t$, 3. Proves, 

20 December I9H3 - 2afers to inspection of 3ayway Kant and 
discusses merit of centrifugal method, 

9. Letter - 3Voa Dr. 3. 7. ffurphree to Dr. J, 3. Conant, 22 December 

l$k} - 3ougfc time schedule for construction and operation of 
centrifuge plants for production. 
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XX, 

xa. 

xj. 
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15. 

X6. 
17. 

xs. 
19. 



Letter - 3ro» Dr. 5. V. .?urphree to sr. J. 3. Coaaat, 
22 Deceaber 19^3 - Outline of e^erimeatal prograa baaed 
upon favorable consideration of continuation of centrifuge 
project development. 

hotter - from Dr. J. 3, Coaaat to General fc» 3. Grovee, 
25 Deoeiabor - Ixprwoa unfavorable via* toward coa- 
tinuatloa of centrifuge program. 

hotter - 2roa Dr. 3. ?. Murphree to General X». B. Grovee, 

3X December X9H3 - Juggeete appointment of coamtttee to provide 

recommendation regarding continuance of centrifuge program. 

hotter - from Dr. 3. 0. Lawrence to General &» 3. Grovee , 
X January X9M1 - Keeommeada termination of tho centrifuge 
program. 

Letter - From Dr. H. 0. nrey to Dr. J. 1. Conaat, 3 January 
l$kk - Indicates fevor&ble oplaloa of centrifuge method* 

better - From Dr. H. 0. Urey to General L. H. Grovee, 

3 January 19*& * Keeommende sppolataeat of a committee to 

study the coa trifle method. 

Letter - Trom Dr. L. J. 3rigg» to General I». % Grovee, 
3 January X9W1 - Hecoaasadt continuation of the ceatrifuge 
program be dependent upon the probable duration of the war. 

Letter - 3rem Dr. K H. Comptoa to Dr. J. 3. Coaant, 13 Juauery 
19U% - ib^reoe oplaloa that ceatrifuge production plaat should 
not be undertaken. 

Letter - Jroa General L. R. Grovee to Dr. J. P. Conaat, 
19 January - ladloatee no further extension of the 
centrifuge project 1« Justified 

Report MM ToX. XV Part III Chapter X - 3y J. Slepiaa - The 
Ioale Centrifuge, Work oa a* Sleotroraagaetio lee topic Sepa- 
rator Carried oa at the Uhivereity of California R&diatioa 
Laboratory, I January 19*12 to 3X Deceaber I9U2. 
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BEHCTIYI TY 

*ll d»ve loosen t work* ^0T*rd a lesion of plant 
the separation of our isotope* han vieualltad t/orkinpr 
a single material — urnnltus hexafluorid A ;<aseoua 
oaterlal is desirable In order to hold tie process Inventory 
to a mini sua* k Xo* process inventory Is essential to early 
production of a material present In auoh a fa i nut* oonoen t ra- 
tion i Uranism ha a only two known compounds with vapor pre a* 
sure high enough to permit vapor phase Handling. One of 
these was discovered quite recently, and its proper tie a* 
though not 19 /et well delineated, are probably lata favor- 
able than thoas of trn hexafluoride . The hexafluorlde haa 
the advantaKo of bain* fsaseoui at low opera tdUig oreaauree 
ami aoderate tempera m re s* The principal objection to it 
is ite extreme ohar.:ioal activity* 

It ic an «*r>ee Lilly active fluortnntor. It probably 
renots instantly with most clesn ;ietals, foratn* the tetra 
or pen ta fluoride of uranium nnd a fluoride of the natal in 
question. .Borne fluorides (like oxide a) form durably tough 
protective filrftB or» the net^la, thereby ffivin* ua euitabla 
aattiriala of construction, which fill be discussed boyond. 
*3cne of the other aetal fluorides are not durable, or are 
?aseoua; conaeouantly/ 



Hex likewio* reacts ulth praotlo<tlly all n on- net* Is 
tc fora fluorides. Kydro^n uont.iininff i&? xirlal* Are par- 
Hioulflrly reaofilve, nnd the fluorine in hex will re n lace 
jther halogens in liany compounds* 

- 

a unique iharaoterlstio of hex is its extreme readi- 
ness to reaot with -rotor, foraina- urajiium oxy fluoride and 
iff. Thia alxture if of course relative in it self , and cor- 
^equ&ntl^ the oorroM ve >ropertloi of hex often start a 
*eco*idary or tertiary reaction if any fa tar vn^or or hydrc^en 
containing compound la present . fet i*an not be allowed to 
ocme in contact wit> ordinary rir becaute it rsacta *1 th 
substantially all of t\n* ^ate r va ,or contain ad therein* ft 
ouoio foot of ordinary ataospVerlc air contain* enough wptar 
vaoor to destroy about 7 ^raaa of hex. tl'ua, if only one 
ouoio foot of air per hour lenked into the pioinpf at the m- 
riched end of a eyat-ja, as much as 
be lo*t* 




On the aoroea la aho^n a ch*rt living the approxi- 
mate relationship of vapor ore««ure to temerature. It will 
ba noticed that hex Is a solid cryatalllne material at moat 
room temperature conditions. The crystals *re generally 
quite massive, are white, and In a fairly finely divided con- 
dition have a bulk density of about 2*2. At low o respires 
and ordinary room] tenoeratures, tha crystals sublime direct- 
ly to the gaseous et*te. At 2O°0. this takes plaoe at about 
6 on- of mercury absolute pressure. In the proooeed centri- 
fuge plants, it is expected to ?*endle the material at laea 
than 3 OB* abaolute in all of tha ploing. In the oentrlfuire 
bowls, the centrifugal action increase* the pressure toward 
tha periphery, the pressure ratio bain? about *0:1. There- 
fore, to maintain tha material in the -ran sous oondltlon* tha 
centrifuge bowls will have to ba kept at an elevated tempera- 
ture. Tha diagram Indicates that this will ba about 75°0., and 
at that level will provide some factor of safety to prevent 
liquefaction within the bowl. 



MAnWAOTUHg 

The Harahaw Chemical Company of Cleveland. Ohio, haa 
manufaoturad something over W> pounds of hex by tha method 
which la deaorlbed beyond* their operation was batch- viae, .... 
and now after bavin* established tha •Know-How*, it la ba- 
1 laved to have a capacity of somewhere between 10 and 25 
pounda of hex par day. The duPont Company, in their Jaokeon 
Laboratories at Deepen ter, K. J., have manufactured about 650 
pounda by the aaaa procaaa in scaewhat bigger anoamtue which 
haa a oapaoity of 25 pounds per day. 

The orooesa used by both firms was developed oy Dr. 
Fowler of Johns Hopklna University* Tha uranium oxide of 
commerce, U^0*# a fairly pure oroduot, la reduced la atalnlesa 
ateel equipment* u;eia* hydrogen g*e from cylinders, maintain* 
ins? a temperature of **OO-600°0. by electric heating* The WO g 
resulting frosi this ooeratlon la placed, in traye in a nickel 
or copper reactor and la converted into ttfk by direct contact 
with anhydroua hydrogen fluoride, maintaining the tomoerature 
at about 550*0. Next, tha U9V in the sane or similar vessels 
la converted into hex by contact with elemental fluorine* the 
product passing off as a gaa from tha reaction at about 2$0~ 
400*0* and being collected in cold traps. The fluorine la 
manufactured by the electrolysis of KF-H* mixed electrolyte. 
The final product* being gaseous, la. fairly pure* The prin- 
cipal Impurities are HP and molybdenum fluoride* These latter 
two can be removed by a aort of f recti onatlcn procaaa for which 
both Harshaw and duPont are now set up or a small scale. 



For the production of About l,*O0 pounds per day, 
auoh as is needed in a large plant, It Is prooosed to da- 
sign a oontlnopus apparatus based on tha knowledge gain ad 
In tha batch apparatus. . 



PUTKPUL8 OF COIfSTKlJCTIOH 

Some metals ara quite resistant to hsx. According 
to our prasant knowledge, theaa are ilokal, aluminum and 
copper* Tha earliest corrosion tests Indicated that the 
hex was very corrosive, but it has gradually become evident 
*hat much of thle vaa due to the presence of HF, originally 
In tha has or else formed by the oorroalon or deootsoosltion 
m the preaanoa of soaa non-oorroelon resistant material* 
duon aa grease or dirt on the netal samples or parts of the 
teat equipment, such aa lead gaskets. Nickel is probably 
tha aost oorroalon resistant material, since testa indicate 
that it la reels taut to hex at Mirror temperatures than the 
other ma tale* Copper is a close second* ttonel metal, low 
tin bronaae and beryllium copper have been tested, and all 
appear to be. satisfactory when clean eamoles are subjected 
*o pure hex* Host aluminum alloys, such as the Durals, are 
likewise- apod, but apparently begin to corrode at somewhat 
lower tempera turea than the above two metals. Even so, the 
rata of oorroalon considered from a structural angle is 
thought to be very low, although our data are as yet incom- 
plete* A faw speolmene of magnesium alioya hsve been tested 
and have been found to be resistant* 

Metals about which we arm leea sure are mild steel, 
tha stalnleee alioya, and some nickel plated atrong steel, 
Nlld eteal apparently resists oorroalon reaaonably well if 
meticulously cleaned before contact. However, the results 
are somewhat erratic. In the centrifuge plant, no mild 
steel le expeoted to be subjected directly to gas contact* 

The stainless alloys at first aopeared to euffer 
from inter-crystalline attack* The data on theae alloye are 
meager, our latest samples showing up considerably better* 

The present plan is to make oentrlfusw bowls out 
of an aluminum alloy fcno^n aa 1*1 3T, wbioh contains about 
fc.M cooper, about ellioon, .&% mangansss, A% magnesium, 
and -.he balance aluminium. The strength over denelty ratio 
of this alloy is higher than all but tha very strongest of 
alloy steels* If the strongest alloy Steele could be used 
in bowls, a higher spaed, and consequently a considerably 
lower plant investment, might be possible. Thick nickel plat- 
ing: on such strong steel might permit its use. laboratory 




re suit 8 hare not been entirely enoouragln*, but a slngls ex- 
perl mental centrlfupje bowl In taln^ made. Some now Mg. 
Alloys light be competitive with 1^ 3? aluminum. 

Certain Die tale have bean found definitely to corrode 
too raoldly to be of use. The high allloon alloys are in- 
ferior. Lead Is not resistant. A high strength steel con- 
taining a small aaotm t of molybdenum has bean found to be 
considerably inferior to asild steel* Brass (high tin© alloy) 
has also been found to be inferior* 

Among the non-metals, the only things which are 
found to be thoroughly resistant are fluorides or completely 
fluorlnated compounds. A number of flucroarbons have been 
prepared which eeea to be entirely resistant, but practically 
none of these hae desirable structural oropertlee. 

Present corrosion tests, beeldes being aimed at dis- 
closing more structural materials, are belnrr conducted to 
determine with precision the rats of destruction of hex 
when in contact with the present "best* materials, i.e.. 
Duralumin, copper, nickel, etc 
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FLOW DIAGRAM 

In a lAtfe ilnnt for the fl^pftmtion of nhe leotor>ee 
of uranium, a flov c i a gran in the ordinary lnduetrlal plait 
eenee i« a loo at neanlntf.eae* rt is expected, that the uran- 
tum hex* fluoride will ba aade at the fii^e, and he no a the raw 
jia tar tula ooilnp into the plant *tll be eoaaeroUl uranium 
oxl da and hydrogen fluoride. 

The product and the by-orofluot are both uranluw 
hexafluori3», there belnff four poun^n of product and i**O0 
pound « of by-produot or waete. Thin latter will probably be 
dnooejposed to facilitate handling, nn4 re- sold on the uaual 
ui*anlvQHnnlt tnarltet* 



jnlM !HI'J3 - SLIPS KO. g 

The large plant nt presnnt virtual iced is Intended 
to have a capacity of x of 9 r S ^?35 >>ital per 2* hour 
day, Con* Herat] om hare narrowed Ao*n to the uae of a 
elnple nice of centrifuge oavlnft a cylindrical bowl about fl* 
in dlaiiuter and about 11* Ion?* Thle relation eh Id haa been 
adopted after an aacunt of atr.dy compatible with ire urgenoy 
to freeze to a einitli aieoKsnicnl daul^n problem. It le in- 
tic 1 pa ted that bowls will owmtd at \ peripheral velocity 
o- 2-7 x 10* oa/eeo, , or about 10 mllae/jln. A e e ^plained 
by Mr* Soharaenn, tHo velocity uaueea a centrifugal otre te 
which ooneg fairly cloaa to Vm yield ooint of the atronfniat 
duralumin. Until tra popplblll t * of jain* especially dtr-mg 
illoy etaels la hettar under n tcort , ni .met therefore 30nt«*nt 
ourselvee with the above aan tlonsd peripheral velocity. fn 
denareli th% me of ?ery Ion* bowl a r*ducaa tra number of 
^achinaa whioh oust be driven, and *;he ueo of very milt dia- 
. aeter bowl a reduce a the inventory or proa e an j na. floth d : 
th2ee tendenoiee are de*irabl*. 

However, airiller diaaet r bowlu to operate at thu 
Nil peripheral velcolty require hlr-hir rotational speeds 
*hlch Introduce eoh.mioftl difficultise and preatly t.iorenae 
th3 Irivinpt power* 

dowle considerably Inrfpjr in diameter than the %* 
'o ild aorfcedly decreiie the po*«r or n sumption of a o\*nt. 



but they markedly Inoreae* the Inventory in process. We 
J 1 }"" tnat the preeent iiaseter of about ** in near a 
fairly flat optima, although all of the oowplex factor* 
involved In tha prcblea have not been evaluated. The 
lenajth of 152* la the majrlano at present obtainable el th 
^odaro for*in*; and sacMnim* facihtiee for euah atrue- 



P l* llt "f 1 *^* - oantrlfu«a tiU require 

fifl erirlohlnjr «Wea involving about 1*,000 Individual 
machine a. Two aore etapee involving *bout 3,000 additional 
wWMnaa are needed to atrip tha waste aw te rial down to 
aoout two- third a of lta original content of tha valuable 
lBOtopj. on tha a ltd a are tabula tad tha relevant factor* 
of auoh a caeeedej tha laat ooluan to *,hi rtftht e^owa tha 
concentration expected for tha valuable Isotope In each 

^Tha Inventory of material In prooeaa la alio ahown 
for oaon atagv. On thla baai*, the 9 at l mated minimum time 

9w«*n*-up prooeaura snwu^nout, **ould be about S5 day a. 



( 



A practical plant for tha accommodation of a oaaoada 
of 17*000 unite at Juat daaorlbid call a for a aite with tHa 
ueual topographical requi* amenta, except that traneportatlon 
of raw material and flniahed product la substantially abaant 
*a a factor* a lar^a source of aheap also trio power, and a 
fairly large aouroa of cooling water are tha prlnoipal re- 
quiremente. Tha arrangement of tha several principal build- 
Inge and neoeeaary auxiliary structures thua require oal* 
that tha ehope and services ba reasonably wall centralise*, 
and that tha build in*a for tha centrifugal ba fairly oloaa to 
tha earn* level. 



Tha oaotrifuffea will ocouoy a bulla in* apaca total* 
ina; about 15 acres* Thla ia baaed on a $* tpaolnaj froa 
machine to machine In each dlreotlon with rowa of 5 llnee, 
oaoh serviced by a alapla traveling orane. It la oonaible 
that In tha pilot plant a spacing of leva than 5* ml«ht ba 
found to ba practical, if not In both directions then poaalbly 
in one ojf tha two direction a. It must be remembered that 
there are a> total of about *K) oipea* *ubee or wlree conrteotlnar 
to eaoh unit, and that tha .manifolding of these connect lone 
rea.il re numerous rpeolflcati on a to ba est. 

The tiaohlnea will beat ba arranged lo aenarata aroupa 
of ouildln«a # On 31ifle Ko» * la aVown a propoaaa for auoh an 

out of two principal requirements* 



/ A. The construction of auch a lar*?e plant re qui re a 

a aet bod leal schedule to permit progressive manufacture and 
erection of the larpe number of units, and a nrogresaive 
readying for operation. Actual operation of flrat stagee 
can precede erection of higher atagea. 

B« A total of 15 acres of nearly flat land would be 
needed In order to put all aaohinee under a single roof* If 
grouped rlth soma reference to ataglnjr, It will be possible 
to permit a variation in level from irroun to group provided 
it ie held within due bounds* 

Slide No* * shove stripping, all to be done in one 
building and uo to the fifth ata^e the maohinee in each build- 
ing all operate at the same concentration level* From then on 
uo» the machines corresponding to two or wore stages are housed 
in e sinarle building* 

Within saeh building, machines will be divided into 
blooke* It is necessary to start blocks of the maohines, as 
for example, 25, 50 or 100 at a time, 90 as to minimise the 
elootrloal equipment needed for their acceleration and to 
reduce the number of switches* Likewise, the mechanical wiving * 
of the process gas and auxiliary pipelines ie such that it will 
be auoh iaore expedient to valve off blocks of 25, 50 or 100 
rather than individual machines* 

The starting or accelerating of these main unite re- 
quires the use of rather special accelerating motor generating 
sets* In order to avoid operating the driving 10 tore for 
each centrifuge at light and inefficient loed when at full 
speed,' the acceleration will necessarily Have to take a Ion* 
time* Consequently, a fairly large number of accelerating 
motor generator sets would be needed if the groups of 
machines starting together were too email* 

On Slide No* 5 is a rou*h indication of the location 
of the principal auxiliaries to these rutin unite* The 
electrical auxiliaries will probably be housed In a single 
building so as to afford adequate protection and minimise one 
type of attendance, me mechanical auxiliaries on the other 
hand will probably be divided, some of them being Immediately 
adjacent to the main unite, and others being centralised 
among the centrifuge buildings* The main plant services, 
that is the power plant for the generation of emergency oieo*-' 
trio power, auxiliary and heating a to Aft, together with the 
treter pus*plng plant arid the shops, stores, warehouses facilities, 
change rcorce and the like, will be located to suit the topogra- 
phy of the site selected, with due regard to centralisation 
and protection* 



It is visualized that the operation of the centri- 
fuges would be supervised by nen stationed in each of the 
buildings* It i3 intended that each centrifuge casino be 
strong enouoh to absorb the entire enersgr if a defective 
bowl should explode* Henoe no barriere between machines 
are visualized* The ope ratine: stations will be principally 
at control boards and anion* the auxiliaries which require 
routine attendance. 3114s (to* 6 lndicatea cross sections 
throuajh one of the larger single-stage buildings, together 
with a plan of one oorner of such a building* Attendance 
aleles for routine inspection of the machines are visualised 
as running above and perhaps below the an chines* In the 
fairly large space ^elow the rvaohlnas will be piping aisles 
and some of the more scattered auxiliaries* Around the 
periphery of the building will be the instrument panels and 
the principal control stations* The operations to be con- 
ducted by the attending personnel are best vl dualised by a 
discussion of the auxiliaries to the main units which are 
listed on Slide Ho. J. 



AUXILIARIES 

A. Lubricating Oil 

A low viscosity lubricating oil will hsve to be fed 
to about 10 points in each machine under fairly hiph ores- 
sure* A continuous and unfsilin* supply of this oil is of 
tremendous importance* and one of the principal design 
features of this auxiliary is to provide such continuity* 
Furthermore* substantially all of the cower consumed in the 
operation exhibits itself as temperature rise in tMs oil* 
Therefore* rather extensive cooling Installations will be 
required, and it is visualised that these will be separate 
for relatively saall banks of centrifuges* The separate 
groups of machines for the lubricating oil are important 
because drainage of spent oil will prohabl y best be through 
e gravity system. In the machine, the oil forme a vacuum 
feal at several points, and it is therefore necessary that 
s thoroughly degassed oil be oharged Into each system. It 
nay also be necessary (although at present It is not contem- 
plated) to deaerate some of the oil continuously* In any 
cnae, deaeratlnv equipment for the Initial charge and make- 
up oharpces will have to be provided as part of the lubricat- 
ing oil system. Alio a continuous purification system for 
removing foreign bodies, products of gradual lecocmosltion. 
etc., will have to be provided, similar to those in turbine 
poter olsnts* 



B. gaging Temperature Control 



As Indicated In the first paper presented today, 
hex will have to be kept above 75*C. at the periphery of 
aaoh oentrifuge bowl to prevent ite liquefaction* If it 
should liquefy within the bowl, flow would soon be interrupt* 
ed, and enough any accumulate to burst the bowl. Aside from 
the danppr of llquefhotlon, a constant and precisely oon» 
trolled temperature le of extreme laportanoe so ee to prevent 
any lose of separative work through thermal turbulence* The 
casing of each amohins will be equipped with a ooil through 
whloh water will be circulated in order to supply the heat of 
radiation and sain tain the uniform conditions described above. 
For each building, it is contemplated that water would be 
circulated at about 2500 gale*/min. to and froej a themoetatl- 
oslly controlled reservoir* The reservoir would have the 
triple function of providing a large body of tetioeraturw- 
oonstant water, regulating the make- up of heat and the make- 
up of fresh water* Purification of the water nay be either 
periodic or continuous. 

C* Hydrogen 

The epaee between the rotating bowl and the station- 
ary casing must be operated at a fairly hlf$i vacuus* An 
extreme vaouuia le not feasible because of the necessity of 
maintaining temperature oontrol through the conduction of 
heat from the caelng to the bowl* To facilitate tMe heat 
transfer and yet minialse the windage f It is planned to feed 
each caelng with hydrogen at about 1 oa. Hg. absolute pres- 
sure. It will bs necessary to keep a ana 11 flow of hydrogen 
through each bowl eo ae to eweeo out lubricating oil vaoore* 
It Is antlolpated that the hydrogen will be generated in a 
single central buildup, probaoly by electrolysis of water* 
The hydrogen gas will be dried at atmospheric pressure and 
fed to each maonine. probably near the center of the on sing, 
in a continuous a treat controlled by means of An acouetlo 
tube or orifice. Outlets for aeon caelng will be at the two 
ends of the machine connecting to a oommon manifold and 
separate vacuus maintaining compressor system* Blocks of one 
or two hundred machines will probably be bundled on separate 
oaelng vacuum systems with cross-overs for dmergenoy and 
s cand-by service. 

D. Qae Pusm and Motor Cooling 

As Mr* 3charmann has sxplained, a small gas com- 
pressor or oontrlfugal puao is located in each end of each 
centrifuge. The electric drive motor is looated at one and* 
A small part of the total heat trbloh must be dissipated from 
these plants must be taken from tt-eae three units* A built- 
in coil will be on aaoh unit, nrrr.nged to take a anall flow 



of cooling water. T*mperatun control is riot 3f prime im- 
portance here, and so the thru* coils will be operated In 
series to simplify otping. The *- a ter will aoma dlreotly 
from the souroe of cold water for the entire plant, aM the 
ounlet water *tll go directly to the sewer. 

Nitrogen 

At explained in Mr. Sohanritnn* b discussion of the 
machine, nitrogen £aa la fed to two oolnta at ;he top And 
two polntt at the bottom of enon machine. In order to 
avoid all possibility of reaction »lth the protean gas, thle 
nitrogen will have to be raaecnably pure and perfectly dry. 
It 1b at present planned to pri^nm nitrogen by f motional 
distillation of liould air. Further atuJy may ahow that a 
cheaper source of inert #as mltfht be as adequate. In any 
cape, the final buffer gas will probably have to be atored 
so aa to pro/ide the advantage* of an ao mutilator in main- 
taining the anpeolally oreoiae pressure control which will 
be required. A step-wise preraur* reduction Co a precisely 
controlled feed manifold pressure is oooteocplated. The 
evacuation of the ni tropin takea nlace through the process 
kbs reoovery equipment described in the next section. 

Separation of Proa Lamfe-Of* 'ifti 

Two amall etreaao of process gas mixed with nitro- 
gen will leak off from the too, and two ©ore from the bottom 
of each maohlne* These streams aunt be handled separately 
for each stage in order to avoid any lose of separative wortr* 
In the lower stapes and In the strippers, this involves a 
fairly large number of recovery units for each stage, perhaps 
one for each 50 machines. In the richest stages, enallep 
recovery units are contemplated. The recovery method at 
present appearing moat feasible is that of chilling of the 
gas stream with continuous traoplng out of the hex snow 
formed, and ite continuous re- evaporation into the ays tea* 
Other separation oethods have been studied, a few discarded 
as Impractical; some are still bain/? analyzed as alternate 
possibilities • Among those are mentioned solvent extraction 
from nitrogen with a oarbofiuorlde, and the use of a carbo- 
fluoride buffer gaa Instead of nitrogen, from the mixture of 
which fractional distillation separation* might be made* 

In all of them, the waste nitrogen or buffer gee or 
solvent must be stripped to such an extremely low hex con- 
centration as to maJce any of the separations difficult for 
this reason alone. 

The refrigeration seoaration seems to offer the 
most promise, because a safely low tenperature for thorough 



stripping g* N ? la moderately easy of nttaluient through 
the use of e thyltfn^ refrigerant. The levice at present 
btln^ built for recovery in the pilot plant It a 

heat interchan^er whoae inner aide* are continuously 
scraped. The leak-off gas bmtW cooled In its paisatfe 
deposits solid hex on 5h* oMlle<1 -rails* The hex snow 
aialadged by the scrapers is collected In the bottom of 
the device where a porter teal remove a It continuously 
to a heated chaiaber below* From the heated uhaaber, the 
vaporized hex returns to the system. The chilled 
nltroflen tram she top of the oolrt trap iroes directly to 
the vacuum punps which provide the pressure control on 
the entire centrifuge- shaft seal system. 

Om Pressure ChanRg 

As aenttoned previously, in order to obtain a 
fairly low plant equilibrium time, it Is contemplated 
that machines in the rtoher etanes will be operated with . 
*S on* absolute pressure at the axle rather thnn the 1.6 
om* for the lower stapes and etrlnper. If all of the 
machines fmi the 12th eta*e up to the richest stage will 
be operated at reduced pressure, the content of each 
bowl up In the richer e taxes will be about he If that In 
each bowl below this point. This will reouire uerely 
the Introduction of a pressure control throttling device 
for the enriched stream, and a pressure boosting pimp 
for the reflux stream. 

H. Raw Material Pre para tl^ 

It Is anticipated that the fe<*l stock of uranium 
he xa fluoride' would be prepared at the olsnt from the 
comioeroiat uranium oxide aid comaerolal hydrogen fluoride. 
Approxlmately l*O0r/day of feed stook will be reoulred in 
r 1 plant. The steps of reduction, fluorl nation and 
psrfluorl nation can no doubt be carried out In oontlnuous 
rotary apparatus similar to that at present used on many 
analogous roasting ope mt lone. Since All of the feed 
stock will be used in the first atafiw bulletin*, It Is 
contemplated that this operstion will be lamed lately ad- 
jacent to n« aschinoG foraln* the first stare. 

I. Vaete Handli n g 

Substantially as auah hex is dlsohnrfred continu- 
ously from the stripper stare as is fed to the flret stars^ 
This material could be handled and sblnped away In 
evacuated and re-pressured cylinders* and as such does not 
represent any special problem, there being about ten ^Or 



druas to fill nnd hrrvlle per eif#ifc~hour shift. However, 
It is likely that It wouli be bettor to convert the 
aaterlal to a more easily handled product for sale to 
present considers of uranlun salts. 

The 4e si red end-product froa a 1 kg* /day plant 
weighs less than and oan therefore be shipped each day 
In a small nitrogen repreaeured cylinder without the need 
of any spsolal auxiliary equipment* 

J* Frequency Conversion 

Somewhat In excess of kO,QOQ KVA of electric power 
will be absorbed In operating the 17. OCX) nam a* chines. 
This power should undoubtedly be purchased ae high tension 
60 oyole alternating current. It Is anticipated that It 
will be 8 topped down to the 6,600 volt range. .As euoh. It 
wild be fed to the notor end of the high frequency 
generators* At the generator end, k$Q cyole current would 
be generated at U, 160 volts for distribution to the cen- 
trifuge buildings. 1,000 KVA transformers to steo down to 
the *WO volt aotora would be provided for perhaps each 
t*00 centrifuges. ^,000 O HO sets appear to be the else 
which we are likely to use. Therefore, an Important 
auxiliary will be ona building housing some 15 5*000 HP v & 
sete which sre called the "running" unite. The "atartinK* 
units wMoh consist of a oair of variable soeed Mft sets, 
wi r h a rotatrol for con*t*nt torqus acceleration, will more 
likely be olo.ier to the oentrlfuffee. 



CAPITAL COST - 9MPg HO. ti 

It should be a'>r>#»rent by now that many important 
decisions regarding a larfte plant suoh as I have been 
describing are yet to be nade. The general nature of the 
plant has been fairly well visualised, and preliminary 
designs nade* Conaecuently, our estimate of canltal ooet 
is necessarily a very approximate on a, intended principally 
to show the qoope of the project. On the slide are three 
sets of figures. Thj firnt represents the totals of 
materials which will be required in their raw state for the 
construction. For exa-nols, the 10,000 tons of aluminum 
represents the <eU^ht of the rouj^h extruded tubes and un- 
aiachined for#inpra which will have to be ahlopefl to the 
fabricator of the centrifuges. 

The ceoond *et of figures prlvea the roughly esti- 
mated dollar coat of the project ux> to the point whsn all 
equipment ahovn on the deaipn drawl hks will have been set 
up in place. 



The tMrci .;*t of fifrurta rep re scuta nn gxoeeted 
expenditure cn sxtn operation! r>ero^r.nel iurlnor the final 
f.r« Mil *f oonatruct'on; on the r.xponrlnble fiatcriala, 
evoullof oni >>o*er needed to #et tha olsnt into operation, 
t<?tfet"\er *?tth extra ordinary sieoMnl^al and electrical 
ehan roa aMuh iwy be required* 



Of Br AT IK >> COST 

3116 1 Ho. ') ts per v nps self-explanatory. It shows 
the nu»t>er of people* which will probably be required to run 
such an operation ft* *e vlsupAlre, st lasst during ita first 
year. It la oellevud that the censuraptlons of ooerattnsr 
l\Uer, pc*er, etc. have nil Nietr estimated conservatively 
la the ll^ht of our incomplete analysis. 

In conclusion, I wirb to point out that although the 
fcxvffrtn* lri * 1 oa tee an extensive operation, recuirlnff 
s.tieulous i«,n> In lta construction and control, snd utllit- 
ln.< erpe.nsl/e ranter! ale of oonptruotlon, It In not without 
a~ao preyedmfc in. c Aero Industrie! practice • It le no 
dcubt true "\<'\t the*** is hsroly any precedent for a produc- 
tion cost of the or?er of £l6,300/lb« Perhaps 35 liie* of 
«• irniitv bovl any s >pear inordinate for rny ourpose. But 
1.: numy plants, oqulpaent of moh astronomical taamiitude la 
to be found Consider, for exsmola, a typloal rayon yarn 
factory. A tuodertta aired plant will hive perhapa **00 eo- 
o^llod spinning taaoMner- ^nch of These TmohJnes has built 
It to it About 120 h a{h~ speed centrifuge 4 ? ^nklLpr oorhnos 
yZt ^00 cent*! fuffer n 6 eomnon rayon plant, it is true 
t-aC th» e fij considerably sniller thai the centrifuges *e 
oonteinpl its, :>ut It U also true that for each centrifuge 
t>.ore is n ^V-oose tolution pump reeulrlni? »>hr nonsnsl pre- 
cision i»i i^s partf ©nd performance, There lr si so, for 
eaoh f the *0,000 •entrifu^efl^n plntinuai spinneret *lth 

unity /s ; »J rulnu -a holes in it. Oth 3r cults tpeolal 
ail er^>on*lvv ur.rtF are commonplace. T>e entire spinnlj* 
«. chine 1 a fir .iStrt»c ~f 1 jad and prlnsp *nd i-peolnl 
porcelain or >lstir >uft r^rtij an** yet it rroduces a £ teriil 
bit** en i pne" ool In value-. The rsyon indus^y In 

ics ciot'ifl ' o.-*s i urthor /^>od analogy to t!.o *in*rose^ 
Ointrxf'^e >Vnt.. "^ticulour onrc '.n t'u o reparation or 
the ini w l *.l r jlut! ; <; in 5ho nvoirtn r :oo ol contsrai n.-.tlon by * 
any n'w'ct ~ '\i t%%*%\ iT.rv rltles (enpeolally tiny «ir bubbles) 
i^ 'jr^adec: Vai^y -.racier oontrol of t»>Por»rAt ur*io con- 
c-jn-^i*. tlonr f re ncstlad throuphoutr Tho r*-yon ln1ur»:ry b^»g 
found izenr\f » cvcrcomlrpr all ftuch obet iolerj , and in able 
todr«y to cc-t^ol It ->lr,nts *lth ordinary lrbcr suoh >s oan 
be roo**iit«d r; country. 
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nuvirer cr vfAC u r:«:n and :^mcf//tpati v »rad ie nt in cascade 



^NRICHINO 3ECTT N 



No. 

1 

2. 



5 



7 

a 

9 

10 

n 

12 

s 
11 

17 
Id 

19 

- 20 
21 
22 

u 

2b 

27 
28 

29 



Wo. Machine* 
In Stag* 

2,900 
2,2<?0 
1 , £«*0 
1,^0 
1.150 

900 
710 
70 
6o 
360 

290 
230 
1«6 
150 
1?0 
96 
77 

8 
3* 

20 

17 

13 
10 

7 

14 



Hold-Up f 
Lljrht Str*aa 

Mi 

1.13 

2.*0 

5.13 
6.0s 
6.7^ 
7.10 

7.65 
a. 10 

a. 27 

rt.6o 

*-77 
9.20 

9.0U 

*.7^ 
*. 50 
4. 3? 
7.9^ 

6.92 
6.39 
6.05 
5.50 
5.00 
^.OJ 
3.26 
2. 3U 

1-3* 



Coipoiltlon of 

Light 9tr«aa 
X 

00. *1 
01.02 
01.2* 
01. 6l 
02. OS 
02.60 
01.26 

0U.11 

05.1* 
06. M 
0*. 1* 
10.2 
12.7 

16. 3 

19.9 

2^.6 

2*. ^ 

3^.2 

&0. 3 

1*6. « 

53. 

59- 
65. 

70.5 
75.5 
30. 

«}.5 
*6. 

**.5 



l'i,09l 



i«*3.oo 



3TRIFPIN0 SECTION 



1 

2 



?,020 
920 
2,^0 



0.5 (outlet) 



MOTS: 



Tha equilibrini tUf equivalent to t>>*» hold-up tabulated 
above it \2h day*. If enriching «ta*et IP to 29 inclusive 
are operated at half prweeure, the holi-up will be 1^5 It*. , 
end the equilibrium tisne wiP. be J? 1 ) daye. 
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TotAl lo. 


Approi. Bulldl&f 31 t« # 


Mo. 




C#at rif u£«f 






1 


S1-S2 




290'x^O 1 


96 000 M.ft. 


2 


n 


?, QOQ 




96 000 


3 

j 


12 


2.290 


?90'x270' 


7S.000 


U 


13 


1,840 


?90'i?2V 


65.000 




14 


1.^0 


290'xl85' 


54,000 


0 




2.0*) 


290«x25V 


7U.O00 


7 




1.260 


290»xlSy 


54. 000 




19-111 


1.110 


l65 , x2S5 l 


U7.000 




U2-H4 




90 , i330' 


30,000 


10 


&i5-i^o 




90 , i330' 


* 30.000 


ii 




157 


90**330' 


J0.000 






W.031 
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AUXILIARY 



EQUIPMENT 



// 






ctnten . 




■ 



$3 
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1 c 



1 



— — — — 



— 1 



COOLING TOWER 
(CO/LS IN BASIN) 



DRUMS * PUMPS POP — 
LUBRICATING OIL SYSTEM 
COOLING iA/ATSP SYSTEM 

HOT jacket water srsrzM 
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BUILDING NO. 9 



note — 

/fa £OU> TRAPS, EJECTORS, OIL TRAPS AND 

OTHER . SERVICES POR INDIVIDUAL ROWS OF CENTPifUG 

ARE TO BE INSTALLED IN THE CENTRIFUGE BUILDINGS 
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A U I I L 1 A H 1 C S 



A. LUBBlCATiCH 

Ftad Control 
Cooling 
3ea« rating 

S. CAS IN 3 TSMPSRATUR1 COHTROL 

C. HTD80CM 

(feneration 

Ftad Control 
tvACuatlon 

D. CMTRIFUG1 CCCLIITO 

Puops 
Motor Stator 

S. MTACOtt 

(feneration 

Drying 

Fted Control 

Iracuation 

F. LW-CFF 

Pressure Control 

btiifl 
Evacuati >o 

g. pumrnrn tmm* nth stags 

H. SAW MAT1RIAL FRKPAKATlO* 

Ox id* 

Acid and Sat 

I. tASTE AMD PRODUCT HANDLING 

J. FR»<USWCY CONVERSION 
Starting Unit* 
Running UnlU 



srnixTTjui. s?«t is, 100 

KAOtlSriB? 57«L AND I 9C* l*S*OQ0 

AXiUlBUM ' PR1 HC IFALLT LU ST IXTMI 13 >ND rCKtSGS) 10,000 

jricm ffcaaiKOl aid t;bi*g; i jqo 

f niHClFAtLT TUJUG p son 

IK aiCTaiCit FAST3 AND MACHINIST ^SO 

CIMKIT hi 000 

STC« t GMYIL ■ I FO 1 »5»f IliW. *OAI*. fIC. ) <0o[oO0 
LUHBSH 

LINT UEA TOD f/O N M.ft. 

C.-«03OTl TREAT IT; 70 M 34. ft. 

mm s,vx) m 



CUjT U cost 

t HIT I AX CiISTHUCTI 1 

~~U30 $ 100,000 

TiAD *ORI l.OO&iOOO 

UT1UTIU, SHOPS. LAB, U, 000, (XXV 

ciytiirjcis ?)>ooo.ooo 

owia io.ogo.ooo 

ftriHQ 20,000,000 

8UILCIIG5 i.ooo.ox: 

CLICTK1C K)**R 3^™ . 7.000,0 0^ 

COHTINGMCT 7. 300. COO 

total tr\uoo,ooo 



5TAHTIWTUF tti>M5 * 

MOJI-filoaSHi^ Vic HAN i C AX SERVICES t 1 , #0, ryv, 

EXTfiA OPIKATISG ASH) TKHIHCAX SERVICK UOO.OX* 

SXPINUBU HATIRIA1S 100,000 

cgwinginct ?,2QQ .yr* 

TOTAX t 000 ,00' 



CRATING COSTS 



Dollars 'Day 



STAFF AMD ATTWTDAMCI 

1. Shift Labor - All classes except 
Maintenance and Laboratory 
iZ*> people /shift 

(915 People on payroll) 6.7*0 

?. Repair and Maintenance 

Total day and shift people 300 

♦ Materiel t Talua M. 300 

3. Laboratory aad Control - 50 people 1.000 

4. Local Manafeeant - Direct Overhead - 120 people 1.750 



32.500 



3. FCVlil 

Main Unite • oa. - UO.gOO IV 

Kmx 11 larioe b.06O 

ua.seo m • $6'* r.ooo 

C. HA* MATXaialf 

1. 0x14a • f3^». 95* 7t»l<i 

Acid • lbdVla. 50jl yield 200 



U.200 



t. Coal, Lub. Oil. Supplies 1.200 



TOTAL ' $55,500 
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I , Jount ercurrent _C er.trll'uge machine 

The separating unit to bo employe"! ir. t; : is plant ir 
Mi electrical iy driven, high speed gas cenM'li'u'U' which is 
being .level oped at the '"feat ingheuse Rosea re.'. Late ra tor left . 

Fig. 1 a schematic arrangement i Mie eounter- 

our refit: centrifuge. The bow] of the machine Is app re xlma te ly 
1J ft. long and 7 .2 inches inside diameter, rc tates within 

a f. teel casing in an atmnnphere cf hydrogen at 1.7 err. Kg ab- 
solute pressure. Tempore ture e r.t rc I is provide A by circula- 
ting water at constant t enipera turo tr.rru t ;r. a cooper ceil sur- 
rounding the steel caci n <;. 

Rotation of the bowl at a speed :f 4 r '' is obtained 

by means of o 7-1/2 h' .P . Induct! on type mo" m- •■•:.-.> i-e rotor Is 
clapped to the upper shaft. The entire rotari;, t> assembly is 
supported on a thrust bearing below the end .: the lc^er shaft. 

The shafts are Made < f hollo" dua i \ ass :,"u Tubir» b V /4 n 
O.D.) to conduct the process , ;as to and f rr: . ta.e bowl. h'Ve- 
ment of the gas is accompli shud by .means of a ../imp vhiea is 
clamped to each shaft . 

Five Journal type bearings are lroatei a] onr the; r .rafts 
for positioning and two oil damper bearings -ire prcvUeJ to 
take up vibrations. The Journal bearing beJo 1 -- f :.e motor act:.; 
as the vacuum seal for the machine since be lev- fh'-s col r.t pres- 
sures of about 2 cm. Kg absolute will exis* . 
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each shaft . 
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water cooled pump housings are provided, one 

A3 shewn in. Fig. 2, these housings contain t 
oeos gaa padeagec which connect vith the rotn 
a are required to segregate the process gas a 
ing oil. These are shown in Fi . 2 on each s 
ngs to the shaft. It is planned to usu bone 
the medium for keeping the process gar separa 
ricatin 0 ' oil. A certain amount .,f process ga 
occur in the seals and h . recover-/ system mus 
return this mat erla 1 to the sys te... < 



ti n t 
nd ■ 
ide 
dry 



Distribution of the gas within the rotating bcl is to 
be acoorapliahed by means of end caps containing radial slots 
or holes. The heavy ;ns ir, conducted to the periphery of the 
bowl through these radipi Biota and flows down the inside wall 
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In an annular patli. It la returned to the lover shaft throujh 
radial slots In another cap of similar cons traction . 

The li b ht gas flows upward, oountercurrent to the heavy. 
Radial holes in the lo ,r er cap introduce this gas in an annular 
stream approximately half way out to the wall of the '.owl . It 
is returned to the up^er shaft . through ' similar radial holes in 
the upper cap. 3aoh machine weighs approximately 30CC lbs. and 
has an overall length of lft ft . 

2 . Plant Arran^em ent of Mac hine s 

A kilogram per day plant operating between 3c : and vQ% 
concentration levels requires the use of 024 machines arranged 
in 15 stflges as chovn la Fie;. 3. The machines in each stride 
are all in parallel while the stages are all In series. 

: Floor space of 20,000 sq.ft. vrould bo required for the 

machines alone with a center-center spacing of f ft. The build- 
ing required for machines grouped into 15 sta.^03 would have 
about 40-50, uOO sq.ft. of floor space. 

.5 . process irianlfolds 

The arrangement of the process manifolds is shewn in 
Figs, 4 and 5. Figure 4 shows the arrangement of the piping 
within a sta^e. Valves are provided so th#t each row of ma- 
ohines within the stage may be isolated. 

Fig. 5 3howG the process manifolds which connect stages. 
Valves are provided for isolating and bypassing any stage. 

* • 

Each stage is provided with t**) continuous type" re- 
covery traps in order to keep the seal leakage occurring at 
opposite ends of the machine from mixing. 

The tie-in between the centrifuge plant and the plant 
below is shown below the lowest stage in Fig. 5. It is assumed 
that the lower plant t'ould be operating at a higher pressuro 
than the centrifuge plant, and in order to mix the streams at 
this point a pressur*© oohtrol valve and a pump, together with 
a oontrol valve are provided. 

. 4. Operating .ffon dlt ions and Flow Contr ol 

At an opera tlnv speed of 470 RPS a id px'ooess gas mani- 
fold pressures *of 2 on Hg absolute, throughout the entire 
centrifuge plant, the temperature of the bowls must be main- 
tained at about lTQ^F m order to prevent condensation. 
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Machines J To V*xium 



2a ch eentr if u^e Is provided "ith four orifices '-'i ^ i . 
t.ie shafts to us: ure proper distribution and magnitude f ' 1 
in p. .11 an chinos . 

Forward flow eqi'al to the product tndraval rato, t 
e ;ether 'ith any un equalities of flov bet veer, the machines, to en 
place in the two verticaJ bypass lines sho*m in Fi.j. r ^ . Al- 
ternate valves in those lines vill normally be r pen so th-t'a 
continuous path exists between the bottom r>. nd top of the pi/*. it. 
To compensate for uiixin;, .due to the use of these by pan a linos, 
four additional machines are Included in each ntage. 

? • ? i lia r£ Ser vice s 

In order to iisure proper operation of the centrifu es 
the followin fiuxilit r;- services must be provided: 

1. Poyer 

2. Lubricating and cooling- oil . 
h5 . Dry seal ^as (nitrogen) 

4. Casing ;<;as (hydrogen) 

5. Vacuum exhaust syotem. 

Casin^ water (constant temperature) 
7 . Piunp and motor ceding ^ater.. 

6. Recovery traps. 

Tvofrl aeration (ethylene, -150°F) 
10. .Product trap. 



The' requirements for each of these services are out. 
lined in Fig. 3 and xrll 1 be discussed below in rrjore detail. 




*L . 3 A3I 3_ F OR PaOC233 SS3IGN 

1 . Number and Arrange m ent of ma chines 

The process design of a cascade of centrifuges depends 
cn the determination of two quantities; tne number of theoret 1 
cal plates per centrifuge, n, for a given f ic*»' rate and the • 
simple process factor, 1 + 3. Both of these quantities are 
functions of the diameter, length and rotating speed of the 
bowl and of the flow oattern within the bcw.l . They may be 
established theoretically for a certain assume:" flow pattern 
or they may be established by experiment . 

It is proposed at present to use a bowl ^ith an ef- 
fective length* of 12^" (3,2 meters), and a din met or of 7.2". 
This bcvl will be operated at a rotation sr.eed of 4T RPf> and 
a temperature of 17G°7, For the purpose of calculating the 
theoretical operation of this bo* r l , it is assumed that the 
flow will take place in tvo countercurrent , infinitely thin 
annular streams, one at a radius of 1.?" and the other at the 
periphery. The flow in each stream --'ill be 4 V^Jl). For these 
conditions the theoretical number of plates would be n - 1.9. r7 
and the theoretical simple process factor voul'i be 3 * .0274. 

At present, some experimental data at low product 
rates are available from the University cf Virginia ~n a cen- 
trifuge operating as a single refluxln.; unit. T Jsin t< the cal- 
culated value of B .025 and tahin^ the difference between 
theory and experiment as a correction on n, the number of 
plates, the "plate efficiency" is about r '0*. 



Date - 1943 




Jan . 2 


.Jan . 5 


Jan. 27 


Feb. 3 


Flow in each stream - rn^ 


/sec 




2-«*1 


^5.2 


33. 


Product rate - m fc /sec. 




0.77 


0.41 


0.4" 


0 . 4" 


B 




.025 


— .025 


.025 


.025 


n Q (number theo. plates) 






*\oo 


'•14 


5.^0 


(N 0 /i,t 2 ) max. 




1.10? 


1.150 


1.100 


1.0 54 


n (actual number plates) 




4.<3«'5- 


5.-^5 


4.26 




Plate Efficiency - n /n 0 




r-'OO 


."40 




.*54 


Incidentally, tne runs »• 


ere 


made on a 


bcW Of 


ilamet er 


?.A0* cn. 


and length 81.0 cm, rotu 




at a speed cf 1020 HPS. 


*The tern- 


perature vras r "C°J. 




• 


• 




* 








* V* ... 








In usln v 'r.^ft iata fcr design scmr ar.surr.pt ir n :.aa t 
be made ao to the specific effect the Inefficiency on 
nni H. Hlncfi n ani B are both functions cf the flew tattrr.. 
within the bowl, i v seemed reasonable tr livlle the vfirl«. * I r. 
bptveer ♦"hen.. p n thin basis the value -f r. for the lar^e rrw 
vcuii be 15. Si and the value :f 3 would bp f^.'. The i$er.eral 
ire-nir, ierflgr. >'»•'' therefore vor/.ed ru f ~n thin basin. Flf. ■ 
jhews trie general layout cf the machines, f^me allrvancfi has 
been male fcr certain leases cf efficiency v/tl-'i: will be 'tis 
cussed belcv. The frllrwin^ table summarizes -he design: 
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The hcliUi r 


f materia 
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an d 


result i nr 


cc ntrlbut ion 


piui 1 lor lum 


time are 
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f oIIowb : 





Holdup Contribution tr 
Kquil .^ Time r . Paj- 



Centrifuge Fowls 1.50 ..r» 

Firing l.c55 
: ,Q Ira ca '2 different sizes) .,V*5_ 

i;*o. r 



. r i 

C.5 
?4.4 



2. « r a{?^s .xi. En'lclenog 

The follovln.; Icsse3 ir. efficiency due to cascade 
desigr/and operation rove been considered:- 



r. 



CJcrrc j n less . 

Leakage of air into system. 

Leaica^e of process gas out of 'jcvla . 

Bad' diffusion cf process gas thr->u r ,;h "buff 

Incomplete recovery of process gas by cent 

Inequalities between upflcv and dovnfl<~w i 

in parallel in one stage. 

Bypassing fro;/, one manifold to the stage a 
Mixing of seal t ;aa. outflow from points cf 



0 r ,1 o a 

1 r.uo u j 



Bypassing fro:. 
Mixing of seal 
compcai t lor. . 
Loss due to fl 
at each sta t ;e. 



head . 
differ 



ent 



\* between upflcv and downflow man 



Items 1 through 5 involve losses which would affect the size 
cf the base plant required. The remaining Iter.: a affect ^nly 
the size of tile upper plant . These items will be iiscuased 
in the fallowing paragrn ;hs numbered to correspond wi th the 
iter.: s above. 

1. A corrosion destruction rate of 2 mg''Bq . f t . /day 
wan assumed for all .netal surfaces in contact with pro- 
cess gas. The .total area exposed has been calculated as 
follows: 



11 , CCl ft. r.f l" tubing 
4,400 ft. cf- 1 -2 n " 
2,CCl ft . ri*. 2" M ICoC 

500 ft. cf i-l'2" tubing IP- 
**24 centrifuge bcwls 12, COO 
P umt s for h be ve 1 , C OC 



2^C sq.ft.. 

r. - - k if 



al ares , say , IS C. 



sq.ft. 



IT* ing the above rate of destruction, the Iosg would he 
,V grr. 'lay of material with an average composition of 
$9%, or about of the net production of light ma- 

terial. 

2. Tests now in progress nt the Westingheuce he- 
search Lab. indi oate- the t leakage through hard selderei 
Joints cf the type contemplate i fo,r the process • gas 
system will be Loss tnan A x 10~*~ mol/aeo. 'jrint. 
Assuming 100 Joints per machine » the total lea^ of 'jlr 
for the plant will be Q.C3C mol/day. Assuming that 
this air will contain 5^ water which would react mci 
for mol with processes, the total destruction of cr- 
eese gas would bn about 0.56 gm'/iay. Test 3 cn the 



SF1< 1ST 




end cap gasket for«th« bcwl have shown that a total 
leak rate for the tyre ond cap gaskets of 1-0"™ raol/ 
sec. vrlth a pressure difference cf 1 atmosphere can 
be readily attained. -.Assuming that the 14 half Inch 
process connections (gasket type) to the machine leak 
as much a3 the two end cap gaskets, the total leakage 
cf 9lr Into the sy3tera would be C.CC5 gnu mols/day. 
This would destroy about .09 gm/day of process gas. 
Thus the total destruction by leakage of air Into the 
system would be about & # *5 gm/day cr about of 
the npt light production. 

3. At the above rate cf leakage, ( the arncunt of 
process gac escaping from the bcvls (since the gas at 
the periphery of the bowls will be at 'approximately 
atmospheric pressure and the bovi 3pins in iow pres- 
sure hydrogen) will be 1.0 ga/day or' 0.075- % of the 
net light production. 

4. Assuming a 3eal clearance cf' 0,CC2* radially, 

a seal diameter of l»^ n and length of 1/2", the amount 
of iiffusion of process gas agaln3t an inflow of 
from 2.0. erf to 1.5 cm Hg will be 



A ~ £1,3 x lC" 1 ^ gm/sec.'fleal 



2ince there are 4 seals per machine, the total, diffu- 
sion of process gas tfrrougr. the seals will be 4.05 x 
10"^ go /day or a negligible quantity*. 3inc"e this, 
quantity is . so small, it seems unnecessary to consider 
the. departure 6t actual seal conditions from the ideal 
condi tion "assumed in deriving the above formula. 

,5. The amount, of nitrogen assooiated with the pro- 
cess gas-goin^'to traps io estimated at POO OFD (6C°, 
"1 aipi.). Assuming that the trajps operate at JL.5 era 
pressure and- that the stream is cooled to ~l4^°F (Y.P. 
of procese gas » 1.2 x'10 . .cm), thelqWof process ga3 
will be -2.1 gm/day or '0.06^ of tha net. light 'production. 

> - v * 

fj, ■ The fractional* los9,o/ separating, power of a 
count ereur'rent centrifuge due to the fact that the two 
atreame M not correctly balanced has been shown ' W.I'.I . 
Memo , March '6 , 1943) |p be approximately ' 
• ■ - | * . . . : t H" K: * * ? \ 



•» % .# 



# 



fractional leas m 



where ^ i| the fractional departure of the ratio of 
upflcw to iownf low;, from the ileal value and I! is the 
number of plates per centrifuge (15.0 in the present 
case). The flovr ccntrcl system for a centrifuge con- 
sists of a aet of brif ices , _ one in each inlet and one 
in each outlet, all of which operate at acoustic con- 
ditions. In addition, there is a small pressure drc p 
due to friction in each shaft. Eaoh dual passage 
shaft in male up of a pair of conoentric tubes. The 
effects of variation in dimensions of the shafts and 
orifices are sumriarizod in. the following table: 



Inlet "haft Outlet Shaft 



Orifice Dianj. , inches 
Tcleranoe, inonos 
Flew .variation , % 

flhaft friction drop .' mm Kg 
p of ,infet pressure 

Inner shaft, 1.2." 
Tolerance, inches 
Flew variation, % 

Inner shaft, G",D. 1 
Tblerance, inches 
Flow variation,, % 

but^r dnAf t, \t .D. 9 
Tolerance, inches 
Flow, variation , % 

Total tlm variation, % 



0.10 
±0.0002 
0.P0 

o M 

3.P4 

0.250 
±.0C1 
C.12 



0.2C 
±0 .0CC2 
O-.40 

C .o 
3.75 



0 . f 2 



O.cOO 
±.002 
0.13r 

0.6CC 
±.001 
•>.0P4 

0.*2 



The inlet and outlet floors are not free to vary inde- 
pendently and errors in one flow stream tend to reduce 
the errprs in the other streams. Assuming the errors 
all at the marirauia tolerances shown* in the table above 
and arranged tc supplement each' other, the greatest 
percent difference between the design flov ratio and 
the actual flov ratio Is .i**- 



C.92 + 0.0*2 



0.77* 



i -J> . K, *V rT, 



The cc rr«dr c ndl n c percent less cf Sep ara^i :i£. prver la 
0.y%. The a oc ve tolerances ir net s*em pxc^ssivp, 
However, the resulting looa of separatin •; power is e< 
small that these tolerances could be con.ovh* t relaxed 
If necessary. 

7. Thft loss cf efficiency iue to bypassing from 
one stage tc the next will depend on the cascade ie~ 
sign. With the open bypass arrangement 5) an 

amount equal tc the product will bypass across eaoh 
stage. This represents IC.O^ loss rf separating power 
and requires approximately 4 extra machine? per 3 tare. 
This correction has been made. 

6. Since v he seal gae quantities are saa 1 1 , ani 
it is propcsel to use separate trap ring &ys terns for 
each stage, this loss of work should be completely 
r.egl lglble . 

nince the cascade Is progress sively reducea in 
size toward the top, a certain am ur.t of the f^rvari 
flow from each sta~e if.ua t be bypas^ol tc t:;e devnf los- 
ing stream. In addition, if t/.e seal leakage is all 
returned to the 3ame point, an ailitional flow between 
these streams T-akes place. Assuming the maximum amount 
of this flew, the lcs3 in efficiency through ut the cas- 
cade amount 3 to about G."*?. 

Summarizing the discussion of losses, tne actual losses 
of process gas .due to the. first five items amounts tc about 
Zc + Qr + 1.9 + O + 2.1 « 41 gic/day,- or cf the light pro- 

duction. This loss incraasea the size cf the plant*by about 

The losses of separative vt rk from other causes vaf- 
fecting.cnly the size cf the centrifuge plant) amount tc about 
0.4 + 10.^ + C f G . ' ' * 12i.. The total correction to be applied 
to the. size of the centrifuge plant is therefore 12. 5*. 



♦Centrifuge plant, only. The base plant will be increased in 
direct proportion to thla loss. 
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C • ALXLLIARY fllSVICg RSaUIREKENIG 



Pov< 



The major power requirement In the- plant is that neces- 
sary to maintain the rotational speed of the centrifuges. Under 
running conditions it' is estir^ated that each machine requires 
3.5 KW at 4£0 cycles per second. This i3 equivalent to 2200 
ITT for tne *24 machines, . * 

The basio requirements for this power are continuity 
and precise frequency control. , These considerations f -together 
with the relatively small amount -of power involved make it de- 
sirable to consider the direct generation of this amount of 
peer at 4A0 cycles per 6econd for the centrifuge plant. 

¥ ' , 

The power required for the auxiliary services 1j. pos- 
sibly 10-15$. of thin required by the machines. Rough esti- 
mates of the various electrically driven services are: , 



Casing water circulation 
Cooling water "circulation 
Oil circulation 
Vacuum pumps 



45 Pf 

20 a 

?5 17* 
55 JCV 



The power and refrigeration requirements of the seal recovery 
traps have net/been estimated since they will depend upon the 
design of the traps and the piping layout. An emergency source 
of electric power must' be provided for practically all of the 
auxiliary services in order thr.t these installations may be 
kept' in operation during power failure. \ : . 4 

2. Lubricat ing and . . Co oling: Oi l 

Each machine is provided vith 45 OPfl of oil ^at approxi- 
mately 1009F and 50 paig for both . lubrication and cooling of 
the bearings. The total oil circulation for", the pJLant is ap- 
proximately 50P gpm. This requires pumps , filters and coolers 
for the removal of 5. Ifu BTU/hr. The cooling surface require- 
ment is about 2800 sq.ft. and the cocking water necessary ic 
abcut 300 gpm. It la. essential that the oil pressure be main- 
tained whenever the machine, is in operation. . 

Of ,the above oil circulation > approximately %5 gpm 
comes in contact with. the, atmosphere at the motor bearings, 
and consequently provision* should be made to dofpe this oil 



by moans of a degassin^ tcner before returning It to the cir- 
culating system. 

■ 

Tlie oil piping should be arranged so thp.t each sta^e 
will be supplied as a unit from the main nianifold. 

3 . Dry Heal P as 

A continuous supply of 18CO CFD (00°?, 1 Arm.) dry ni 
tregen is fed Co the QM seals at about 2 cm Kg absolute. 
This pressure will be anchored to that in the process gas 
manifolds by a differential pressure controller. The nitr -jer. 
Mill be dried y chilling vith othylene. 

The seal nitrogen piping probably should be arranged 
so that each sta^e will be supplied as a unit f rem «a common 
source . 

4 . C as ln^ Ga s 

In order to x^educe the power requirement and facilitate 
the removal of heat from the spinning bowl 3 hydrogen is ad- 
mitted to the casing tailth 13 held at about U5.cn Hg absolute; 
10.GOC CFD (3.G.) >^ill be required for the <*24 machine casings. 
The hydrogen* will be distributed to each stage at 10-15 pulg 
from a common manifold, Within each stage distribution to 
each machine is accomplished by capillary tube meters.- 



Vacuum 



iat System 



All of the nitrogen and hydrogen which enter the sys- 
tem must be removed by the vacuum pump. ' The nitrogen-process 
gas mixture* passes through the seal recovery traps before 
entering thV exhaust system. The nitrogen and casing gas, 
both of which are mixed with oil from the bearings , .pass 
through oil trap 3 before entering" the exhaust systefi. The 

Sressure of the exhaust system will be held at about 1.5 cm 
g absolute by a differential pressure controller .which i3 
tied into the process jgaa System. 

The exhaust ptpin^ from . the maciUnea in each stage 
w^ll be grouped so tnat the entire stage can be isolated from 
the rest of the system. It is estimated -thr».t vacuum pumps 
having a capacity «| 1200 CTV. at 0.5 cm K# 'absolute will be 
sufficient to romo^B all the nitrogen and casing gas. 



■s- # 

1 i 




14. 



6 . C asing Tteter > A J 

In order to maintain eaoh casing at a constant tem- 
perature (within l p t) 120 OsPH.of. vater^'at 1?jO c F must be sup- 
plied to coil* surrouikH./ig eaofr casing. This corresponds to 
1250 GPi: for the entire group of (caohinee. v In order to take 
caro of heat losses in the casing vate.f distributing manifolds 
an additional ^50 should be circulated* through these mani- 
folds / thereby giving a total of 2C00 GPi;. 

»• . * . r ^ v% • 
Since the distribution of .'-^ater- amcngst the various 
.casinps vill bemade by orifices , 'the circulating pump should ' 
be capable of delivery at 20-25 pai£. 

Hearis fqr maintaining the, circulating stream at con- 
stant temperature, must be provided. 

TfcaT^ping dlioold be arranged so that each stage can 
be, isolated- f roar ITae circulating system. 

"? ? " ; frttwo and >ik>ior Cool i h« Water 



^^^6^ , The tTO^puaps and motor on each machine will require 

i . 4 24. of. co>MAn$ -'ftter niaklnj' a total for the plant of 25C 

, * U QML this water should s De tempered to about n 5-^0"F by bleed- 

v V"-**'' 'in£ of £ .a proper ^ount of casing water. Qasirt£ water purge 
:'..,Vc^.^ and uialce~u$j oaH in, turn be obtained " from the cooling water 
' l^ariftg the •aotiueo. * 



->v * An additional 3d0 GPU is raquired for cooling the cir- 



' -QOlatinj o^l^ "mtlixiat a total bf 550 GPK for these services. 

•* *>C V .- ■ - > Tne> puinp an&mcrtor Oopllng water piping should be ir.ade 

:v ' ^' *Q that eaofc $tage may j^e* supplied as, a unit from a common 



,.>\' v # • v r >• UwU|j.,,the' cofttec^piated'-opsratlng./Jbonditlchs .Jl is es- 

ti mated that £ jpg/aoc.^ of 'fcrcfcess gas will loak out through . 
' < ||i# %eala, *in eaclj aachlne. Thii ga a : *s mixed with 

r < aaal-ultrogtfn awat be conMawoujaly ree^irer ed and returned to 
•;'%V?/"> the ■ dyePoa at .a* potat olota.'to. its"*WHTfT # 



operating. .Renditions If is e 
MM ^as will loak out through 



; v * < . v;.- ' •' Verbis' now- in ^regress oil "the development of a con- 
4 . ^xipuous f edf»a^eA sux-ace. type recovery trap employing liquid 
3^ : ethylene. a# tlfo' y ref rigsrant . ,The censtr'jotion of the trap is 



such that all acid surfa^eo are scraped, thereby insuring lev 
holdup . A pcwder-se^l la used to remr ve the condensed process 
gas from the' bottom of the trap. It is then sublimei from a 
heated section -below the pricier- seal and returned us gna to 
the system. 

• 3a oh stage will have ^wo recovery t ran jys^ems, one 
for the Heals on the upper part, of the ma chines and me for 
the lower 3eala as outlined in Fig. 5. The total process gas 
which must be recovered amounts to 4 75C gms hr. The amount in 
the base stage is 910 £us ''hr. and the amcun^s in remaining 
stages are proportional to the number of machines in the stage. 

It is also planned to employ a continuous trap on the 
entire material leaving the. top stage in order tc remove any 
nitrogen or air that exists rr has leaked into the system. 

. °* Est? _t-JL c jr* 

The minimum refrigeration requirement for drying the 
seal nitrogen and fcr chilling the £a;;es in the recovery traps 
amounts to only an d l£Cu BTJ/hr, , respectively. The traps 
will undoubtedly require censic erably more because of heat 
losses -and the recii aula tie n through the pewder seal. These 
losses, together with the losses in the refrigerant piping, 
will constitute, the major load on the system. 

. In order that the loss of process ^as from the re- 
covery traps be kept at a reasonable low amrunfcy It is neces- 
sary to cool to temperatures of approximately -150 : F» This 
may readily be accomplished bjf the use of liquid ethylene as 
the refrigerant. 

* Since a refrigerant of this type must be employed, it 
also presents a convenient method fcr Irying the seal nitrogen. 

a ' - 

Produ ct Trap 

A batch trap system will be* used to remove product from 
the plant. Thie trap syateq* wcul4 v.fle Ino sar>;j refrigerant as 
the seal recovery traps and it- represent? only a aaall addi- 
tional lead 'on the refrigeration eye tern . 
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t>«ntl**sen: 

I tr^nrilttln for /ojr In '->r" at Ion i 1 e 
froi ' r. Piul *. Kuhl *itn ioco i .^nyin. iror n 1 by 
3»ldtn, Eur«9«ll and »rl!la*pl* # r^vi in' t^i o-*> rw«» 
been aide in the centrlfu*ra ollot rl int , 



w 5. 

t<-it hi* 



Two a*v%ll oentrlfure* h\vl%, V -Inch bowl* h*v* been 
operata** it the pilot plint. The flrH urchin* ni*, which 
«?o*e»h*t of in l*»prowife1 Job, fc»d two operatl^f **riod« - 
one of 1% daya and ore of 10 lnyw, ~*Ktn£ * t*»mi * ' d^y*». 
The flrnt operatlr<{ period i» t*»rrln*?o«S In T^er t* *efce 
oert*ln chmge* In tht Instrument «: th* aee**iH ratl^i? period 
w\* terminated to lnatill the **con* rtwrt bowl nchl*e *hlch 
contained ctrtiln leohanlO 1 *! l^nrove^rfot a. urlnf tne r*rlod 
of dayt of utohanlaal operation of nrn c«*ntrlf)T*, oroca** 
gae waa run through the *o*»ln* for 1 tnt*l ~>f 1 * taya. 

The second short bowl ^n.xhlne* *<n p<*t In op«*r*tlon 
Ootober 9 WW 17 day*, at which t\-<» the run 

terminated due to * fjulty valve leaXln^ *lr Into th« caning 
of the oentrtfug* rhleh oaueed an ovarload In the driving 
motor. The aeooa4 operating period on thl* senirlfut'.a of 1? 
laye eae terminated due to the lower K=*a pu^p either fcain»* 
lsprooerly iaatelled or slipping luring oetretlon wMoh re- 
sulted In aelture of the puaip. This purac wns held by a 
frlotlon devioa and the conatruotlon hare o*n an !o»)bt«dly be 
Improved. The third operation r*rlo!, wr.ioh 1« *tlll con- 
tinuing, hta now ejrtenJel ov*r ?1 <l%yn. On thi *#con? Tnehlni* 
tha period of operation on prooa^* ^19 In now ib^ut '* r d^ya. 

Sepiratlon raaulttf obt9*n^1 on tr* e»*.t rt t>%**m > 
>n very aatlaf ^otory, ^ cawcada efflol^nov fro- 7^-7'^' 
^ r*K denon«tr*tad. Jy aiac>«de ^ffioleocy 1 • h*»rr -•int the 
I saratlve tork aotaelly obt«iln«d by Eh* cm%r\ r *w+ coi^^r»*d 
tha th«*oretla4l optltuis. ^ , flJ^«' , on t c rnMon affiolen#y 
qlned it 1 * •"tl-attd that a l«tr?# wlint to ^ro'Jjoe 1 Kllo- 
% p*r d^y of ll;ht n»t*rlvl of 90* .rrirlty tit r*cjlr* 
•htly ovar ?l,Ot)0 Ion r -bowl mehlna.* In *nrlchln^ 
taction, noorovlmitely 7.000 ^ddltlon^l snchlrJq ^ 




r raoulrt* in Vn+ *tfl*~ in* eotton to 0*1 *Vn r ;0 r*oovtry of light 
* *a tor 1*1 . Tha »r corruption >T tb* ma My ?A # f>O0 mohina* it 
*ati-Mto4 to r.m arount l r .0,00*> Itilo itt*, 

■ 

tip to -totabtr 1 i -f oo ibP. or ?mota* gift hoa 

btan h%Mtt<) by th* otntrlf •!»'»*. f*f ihln *tttriil about *00 Ibt. 
hat fcttn dlioh%nrtd *a w *t» which roo b«tn d*?l tad in tht lighter 
©oopontnt by rou<hly 1 . Tht romalnl w 100 Ibt, hat batn lit- 
ehargtd m r ,ro<1uot iUr< \n iv*r^* tftPlolMoont *f thout 

fho pilot pl*nt 1 a o^tr*ttt *lth in rat non* to ohnlotl 
Optra tort otr ahl ft, tht *iin *or* 1titoIt*o h*1tw fliiply haruilln* 
of oold trapt for tht prootaa gftf, Tht t*no xroup un4oubto(lly 
(K»vH hanrflt a auoh l«rrftr nuabar of »*cMn*t, und If tn:t *ro 
utod not rt^utrln^ labor fir handling <snt ostrator ooulrt run tht 
wh#lo plant with t ooniMtrably *rt% tor nmbor of otntrlfugot than 
«rt no* lnptalltd. 

- Unlttf it art ^drlttrt otharvlta by t *o. in at 

pro toot planning to ill toon tl nut onarntlon of tht allot pi mt 
Dtotobtr lip 19^1* Aotually It will bo n*a*«*ary to tttrt abutting 
4qv% ■ ft* 4*yt bofort thlo tioa. It It fait that tht oantrlfuATt 
oporotlon loofct attra**ly ^roal tlia; \ni It It our fotllrur that it 
tool a bo vlto for tht 4aoalop«ont to bo nontlmiti. If It It 
aontlnuod. hoorooor. It It folt that work ahould mln bo initiate 
on fabrlaatloa of a ioiur-oool oantrifutrt %t tuch % «*oM nt will bo 
f ronjulrod for larft wli *opl loot Ion of tht orooait. 

Too trltor to not fi-illltr *lth rto«nt 4#» alooitanta on 
tht dlffutlo* pro loot but It It undarotoM tfcit 1lf fiouttltt of % 
rftthtr fundft*ont*l oh%r%otor aro fctlruj anoountoro*!. Pr. Uray or 
*r. folth o*a un4oubttily ^ml»h tha ooo«lttoo furthar information 
if thoy w 4tairo, . 

Oua to tht aonaHtrablt ^rorfr^it that htt botn o*4o on 
tht oantrlfUft* dtttlouoont, rnd tht Jafinltt ajroorintntal 1raon- 
itntlon of tho f**albillty of tMt op«rttlon p it it ftlt that tht 
projtot thoull oirtfally bo rtvltvtd by tlthtr .3.*, D, of tht 
Any prior to itt boln* ibandontd. It It t<iKvtt«to1 that Tr. 
ConAnt a^y tlth to rtftr thin cutttion to tltnar^l Iro^tt, 

Vtry truly yoyrt, 
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Brig, GeneraX L. R. Grove e 
P. 0. Box 26X0 
Washington, D.C. 

Desr Gen erai Groves: 

As X told you early laat week, it seems to me i 
that the centrifuge pilot pi ant development at Elizabeth, 
should be taken very seriously. I have accordingly arranged 
a table showing comparative figure a on some characteristics 
of a postulated centrifuge plant and the diffusion plant. 1 
None of these figures are highly precise, but they do, I 
believe, indicate order of magnitude, 

I wish especially to direct your attention to the 
difference in the. areas exposed in the process gaa , and the 
consumption rate calculated on the basis of our ntatureaont a. 
making no allowance for any scouring action .in. the high speed 
pumpa of the diffusion plant. , The consumption of. the dif- 
fusion plant is 15 times that calculated for the centrifuge 
Plant. " • * •* 4 ' 

The total amount of pumping in the centrifuge it 
very much Xess than in the diffusion plant, and the amount, 
and sizes of piping required are very different, aa vou will 
see. 

The extent of pilot pXant operation in the two 
oases is also vary different. The size of the apparatus for 
the centrifuge pilot plant is 220 times that of the diffusion 
pilot plant, and has run much longer twines. Aleoo the 6 ay way 
piiot plant for the centrifuge is of the type that would be 
used in the final plant except that the bowl is a 3 foot bowl 
instead of a 10 foot bowX; whiXe for the diffusion piant the 
smalX pilot plant that we have constructed is not of the type 
that would be* used In the plant at all. Not for some months 
yet will we have any pilot plant operating that wlXX give 
information on the actual behavior of the diffusion pXant, 
and this £llr*f pXant wlXX have dummy dlffuaer*. 

- • •. • ? * ..; ,*• . , ' , ".' f ." ' • ■' '/ ■ 

The question of going frosj tjif 3 foot -bowl to the 
10 foot berwl le one which wili disturb ydu, but I beXieve 
that this le a minor extrapolation as compared with the ones 
that must be made on the diffusion plant, Tha XO foot bowX 




*»r**' 
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has been operate at Virginia for short periods of time 
without difficulty , and it does seen to me that we csn 
rely upon the veatinghouse estimate of what such a bowl 
will do. The results at Virginia show that the long bowl 
produces the seine Amount of separative work per foot as 
the short bowl opera tipg under comparable con-Utiona. 

A cost figure is given which is based upon the 
erti.*c»te me'.Te by a committee from the Kellex Corporation 
nml the Stend&rd Oil Development Cora; uny last spring, for 
the puri or of comparing th<* two types of operation for 
the top prrt of the plant. It should be as accurate as 
tht? &etli§*f*e made for the 62^ machines on which the esti- 
mate vasj «sed, since the entire centrifuge plant would be 
s iv petit ion of one type of machine. 

The centrifuge plant, so f*r ?s development is 
concerned, is, in my mind, far ahead of the diffusion 
pi«tfif. Vt do not have a satisfactory barrier, even in the 
laboratory, and our teats on consumption of process ga« are 
asde on comparatively small samples. Ve know nothing what- 
ever about the plugging of barriers by dust, the conditioning 
of the diffusion plant, and the exclusion of small amount a 
of moisture are very difficult, and comparisons are all 
favorable to the centrifuge system* Th# sire, of the ap-* 
pftratue th&t must be stale vacuum "tight li muCh larger for 
the diffusion plant than i« the case for the oentrifuga 
plant. No pretreatment with fluorine la required for the 
centrifuge plant, and the control of the stage centri- 
fuge o*3oade is an order of magnitude easier. 

Perhaps the best estimate of our unknowns in the 
Worses, is indicated by the relative staff; which one can 
estimate would be required to do the nsoessary testing and 
researoh work. There are perhaps 1,000 people having tech- ; 
nlcal ability, that is, exclusive of secretarial staff , 
purchasing staff, etc., on the diffusion work* ****** the 
Carbide & Carbon Chemicals Corporation, 0e41 rtlepnons 
Laboratories, the K e 11 ex Corpora t 1 **<-, and " si a e where. Mr, 
fturphree and I e^tiicate that 50 people would be able to do 
all that needs to be done from the standpoint of research 
and develop:nsnt, on the centrifuge plant. All the research 
that is being done on the diffusion plant, deals with doubt- 
ful points 1% regard to this plantt the development of a 
barrier, the stabilisation of the barrier, the large-scale - 
production of barrier, the testing of seals,, operation of 
pumps, coating steel with nickel, stabilltittg the plant, 
•to.; «to # '. 
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In spite of the outwardly v-^ry advanced state 
of the diffusion plant, I cannot help but thinK that 
very serious consideration should be given to the centri- 
fuge plant because of the far greater certainty of its 
successful operation, and the greater certainty of any 
time schedule that, can be drawn up for it compered to 
that of the diffusion plant. 

A committee should be for:ned to study the ques- 
tion of the utlli nation of the centrifuge method. Among 
the topics on their a^inda should be the possibility of 
uaing presently constructed facilities for th* centrifuge 
plant. The power plant can certainly be used with frequency 
changers to change the frequency from 60- cycle to Uao-cyole. 
Perhaps the Government built Chrysler and Ailie-Chalme ra 
plants flight be used to make centrifuge bowls or housings 
instead of diffu«er cases* The buildings on site might be 
useable. 

The committee could also oonolder the inter- 
mediate proposal of ordering tha centrifuges for the top 
fifth of the plant. They could then be substituted for 
the rest of the. diffusion plant at a moment's notice by 
expending the production. Of cour«a, in this scheme 
economies which are still possible by immediate substitu- 
tion would not be real i ted. 

When I consider the remarkable progress which 
the centrifuge project has made with a handful of men, and 
compare this with the enormous effort which w» have ex- 
pended on the diffusion plant without ceeing a solution 
to our principal problem*, the centrifuge method looks 
extremely attractive to me, and I fe«*l pure that a com- 
mittee which will make a serious study of tha situation 
will agree with «.•. 

Very sincerely , 



#1 Brig.Oen.L/R.Orovaa^ 

J#Z Dr. R. Tolaan 
#1 Dr. J. Conant 
#1 Dr. A. H. Goapton 
#B Dr. L. J. Briggi ? 
Ib.Dr, £. 0. Lawrence 
SI Mr. E, V. Xurphres 
#8 Dr. H. 3. Taylor 

Jl Major B.K. Hough, Jr. 

#10 H. C. Orey file 



Harold C.^Urey 
Director of Research 
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Dear Jit: 

By this titr.e you undoubtedly have , reoei ved • 
a copy of my latter to General Groves, outlining s^ point 
of view in regard to the centrifuge proceea, I think there 
is little that I can add to this, except that X with to e ra- 
phe size a point of virw about some of those things which 
I thlnfc pirhepe souse of us have overlooked* I think.it la 
possible , in situations euoh ae this, to find fro* tl.ua to 
tlrre a really superior proceas, I »yeelf thVough the last 
years, have hoped that 1 rright think of or find some method 
that would be outstandingly better than any of the other 
m*ti|pde being considered, n o fsr I have found nothing of 
the .kind, nor has anyone elae, unless it wight be thai the 
evaporative procsee that Brewer has been foil swing-, night 
be) a partial solution of this kind. 

* . v. _Tha. sehtrifutfe prooesa la not outstandingly v 
better than the diffusion process; in faet, perhars the 
diffusion process eventually can be made a natter prooesa 
than th« centrifuge prooeee. However , it does "seen to me that 
at the p/vaent stage of development the centrifuge prooesa i a 
far better developed Ihftd the diffusion process fro* the tech- 
nical aide, and thrt. the expansion fro» the present stege of I 
development to a full ccel* plant can. be made with much * | 

greater oonf ideno© for the centrifuge than for the diffusion 
plant t and that any time schedules for the two will be much 4 
OiOre oertain for the centrifuge process. This is because a 
it is easier to predict tl rt.es required for rseohanlcal construe- "» 
tlon rather than tices for chemical development and construc- 
tion. 

we should not osaXe the nU stake of thinking that 
Just beeause a small group of men have worked < on this up to 
the present tine, that therefore it is necessarily less deve- 
loped than the diffusion process, on which a large number of 
men have bean engaged for a long time. May X ur#e speed In 
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Dr. J«L3fii B. Cor-ant, 
Choi men, S-l Coaelttee, 
1539 P Street, tm, 
aehincton, D» C. 

Dttr Dr. Cotaeut » 

As you know I rooentl/ rtoilvid a oisober of 

letters from nr. Urey - n *kioh he depressed hit views as to 
the vol 4* of tim oontriXUfio aethod. In view of tho faete thoti 

a« Tho 3-1 C ©serf, t toe J mi normr reootsesndeA that 
this mthod bo oorrlod forward, 

b. It would appear to bo impossible to oomplete tho 
engineering *«a construction in tims to bo of value in this 
war i 

o. *e have already onborbtd an xoro than one not hod 
of produalng tho essential inaterlal] 

I a* doubtful of tho soundness of his .evolution*. I would ap- 
preciate it if yju aould &ive ^o your viowo on the feasibility 
froa* a scientific standpoint of this method. 



Brigadier General, C. £• 
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1) Cto Poooabor \ *1 
tori on s oontldoratloA 
trifugal notfcod 0* ioj 
of taio prooot* at AM 
proc»t«» So tit 
tho ulUlutiot of Uw 



wroto to 70a UAtgiiJR^thate 
albiUtltA too 
r»|*rdt Dm dooalopaont 
opa«&t of tho diffusion 
MilO bo fbraod to tbudy 
, lAOluxilzif tho pooti* , 
ltloo Which hao* boOA : 



bilitjr of divortlxif to tM* prooooa ftolllttot ahloh how booa > 
plaanwd or oonatrttotod for tho dlfftialof proooot. ' ** 

I ' ' "■ *v * V J . 

2) la Aooordaaoo villi oar dtootisalo* of thio lottor, X vi«lto4 f 
on Doooab«r 10 f tho pilot ooatrtfnjal plant *hich io being do- 
volopod ond oporttod by tho Standi rd Oil DorolopooAt CoapanY at . 
thoir Uboimtorloo ot Baywny* Ion Jorooy* X wot oblo to eoo tho 
plant la oporto* an, oa4 to dlaouoo it* doilpt and porltonnanao with 
Or, g. T. Ifturphroo. Vloo ProoldoAt. Mr. Paul I* total* jkoooolato 
Uom^or of tte Proooto DWlatan, Mr* W* 1. thoApooa ond othoro 1a» 



3) Tho pilot plant oonoloto at proooab of a ainjilo oontrifVfal 
onlt, with an ovtrndfj* duraltni* bowl U lnahoa Ion* by iaehoo 
intornaX 4ioAotor rotating at a boat itO r«p«i« # tofttAt* vith opao« 
tad ouxlllarloo, ozoapt for piping oaffioioAt for tW orootion of 
a 14 unit pl*Bt* Thm prlaoipal atttilinrioo oonaitt of (a) aotor 
conorotor ooto for prorldUc tao olootrloat pooor aooaad for ttart- 
lai and oparakiAt tha oalto. (t) faalUtloa for ftraiohW tho ooa- 
trifaoi onit¥ «ltt febrloatfef ttlw tatporod wator # n*tr«tf» ioal 
C0o» and hrdrosoA ooaUg cto, (o) ^ 4^A^ f l g^%a» t # prooiuro 



raaardaro and IntftrAlttant typo tmpa 
(d) on motvla-ot^lona rofHcaratioii 



>^Aal^praooia^o^nd 
ma for ahlUla* %fapo and 
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«) purtbor »*r* piXo% ot*«o *mld 4s*ttv* tfc* do- ■ 

yoU^oh* ottd tooUim of tho It* in** bo*Xd prupoood for prod»ot- $ 
iota plan* opomtioil, octopUtloa of thm d«**Jtos«ob« of tropo for 
tt* ooatUttottt raunl of prooooo c*i froa fcho u*mro*«n *0%i 
And pos#iblx ^ oo&otruobioji oud cporotto* of > 24 omit pUs* 
for toftim oothodd* of pl**b no)4* il« fw# »orb 1« otattauU* a% 
KiitlBilAiff ** tfeoir com iHIUUH." at *bo d#*tlo£**ftt of tbo 
124 inob bowl, uU roomXtf •% 1t#$l»li Udiooto thob * lit Uob 
bowl ihottll b« proobloiublo. TbO> propOr dorolopioftt of *uob o bowl 
*6lJ4 i* o«y oo«o f hfwrtr, *»>o #rr*na »o«tbt. So flm *r*m*fco~ 
not hM /•* «oo* »o4« for %b# Aituro iawUiwOiiaq of work o^tbor 
by t«nbiM«« or by tbo fltoadord Oil DowlopRonb Coap*ay«. >v * 

t) 1 ooftporltoo of tfco proMBt of ploat opormtioA 

for tho 9m%rlt*&l M4.- * fripotio «iU b« fonot »t iho . 

b«tooj« of Ao tAfclo* AOOompo«Qria^ Dr. frr/ • i UtUr of P<ocojio#r T« 
l* viU b« i»to4 th^% MtrifW#U^^ tUir% oooft ijwiM 

■qm#i iodcot utat eifhuioo. pii«% pi«»i # j^n *oom m AitoM 

04 jroot » oopooity for dai&g toport%l«« rork„ ui4 1« ▼•♦y «0jok»oro 
amrtf oUtlor to «tioO oo«U bo woo* 1* h an*l protfootioA pi***. 



10) A oojoporiooa of omrtolA ittUKl footer* » of yro4tootiaio plooto, 
oolni tHo %wo oltonomro «o%io4o %o prwfuoo 1 kllopw» of 1 por 
<Uy o» AH oonioptmUoH, viU olto U* foua4 1» Dr. Uroy'g tool* 
r* w«H no ift tho booV of klo lt%Ur* flofrt oro o bvo^ot of 
too* (flfftroAooi oMoU lovy bo apooltlXy *oo>Uoiio4. TKo o^rliV^l , 
piont oo»4« hoto tt.60« JoftOMM* o* oo*|*r*4 Yim 1^20 for tho <AfW 
fHolom pUA^ ooftH moblM hondUkkf Uio jo* by* profiuoin* »4ro>, 
orpivmtlao^*. Thio *ooo# m» »or# pipo mjiMUloafr for oonlrlf- • 
ooa pU*% on4 o •ot J fidoro>V «ator lrojt* af proooto pipo but of 
mmlUr iito* Tho totoi oroa tspoto* t# prooooo £M rotil* bo 



104 to o aoKmlMi *%• oTttoowpttfe 
P» 4Ajr 00 o^lAot MO0 for m# dlf^O 
th» ooatrlfupl pU»« «wl#ut Utrolrr 



ch*>fo oporotliui 

hydragoa oo.lot *» OOftWifo^l &ooMno% oi tMT^rhip. b# oao* 

Kbo% morO oUboroor Hoia too ttetimr anxllUrr i#rio» m+ *h+ A4f. 



of proooM 101b of 1» tnoi 

#«<tttNi»- |ro ^y»4 i<o A »Ub floor Uo r 
I mmiU^ouo to borrior piittUc 0M9I #msld 
bfomo ^ui ni*o. fM w^E^ Mrrlo-o 



' * *■ " 

N if;. 



«ho% mqro oUbcroo* tet too .t»ii«r injftiurr odrrioo^ for tho *f- * ^v- 
nuio* »oobiMO^ to* oool oott pooor coK+mvtXai *r 

My of tkp ^ orior of »Mai4o>- / !. ' ^ ^ • , ^ 

1X> JUsgr oaoporiioar of bb# yaool^o* probiomo for tb* W proootioo to ^ 
of ooOro# oomoobob tistbjoob to doubts fbo prlooipoXT onooXtvd fyobXom : * H ^ 
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for tho ooatrlfugal preoott would aoow, to bo tho dtrolopaoot of 
tho . 1M laoa bowl, fhia would appear to bo * feasible job, but 
would ©ertainly Mo sane months* Ihe principal untolvad preb- 
.lan for tho diffusion protect would torn to bo tho perf aetioa of 
a' suitable barriar, fabrioated la tubular fom* Thit would appear 
to bo a Jo* otill involving muoh researeh, but <mo which It now 
boifcf attadfeed rigor out ly by aan* competent inrottiflatert, with 
latnaaeiag proepeota of toooest* and probably soluble within si* 
■on tho to o year* lor botH pro 001 won tho »w*tter of developing o 
eras tteel omsiDooriiME vnouua teoaaiqut for tho large pl*ntt In- 
vobrwt is * difficult one. In, this connection, tho centrifugal • 
protest hat tho advantaget eri ting froa tho saallor total relume 
end milir sitae of oonneetiajs plying, but tho disae^antaget 

• ri«iof froa tho Tory much ltrgor nusbor of units that ;'dve ta bo 

• oonttt^dj. the operating problmt for both pracotaea aro still a 
•attar for t*«***% - % though mora attention has presumably boon 
(Ivtn to tail tttr for the diffusion than for tho ewatrlfufitl 
proQOtJ* In olthor b roottt the failure of a unit would prooumbty 
iaveive tho imodloto leelatioa 'of that unit and per hep t of &aighbor» 
iag r oaaa frbw ttreaa. If tho probability of falluro per unit were- 
tho taae for tho two prooe*aoe, the numb or of falluro a would" bo auoh 
grantor for tho centrifugal the* for tho diffusion plant* There aro 
probably greater possibilities for tho suddoa falluro of a toatrjUf-- 
ugel unit 4ki*h would wreoa a portion of tho plant than for auoa a 
falluro of a diffusion unit* It if propor to note, at hat boon on* 
phaoltod by Dr» Grey, that unoolrod probloao /or tho diffusion pro- 
ooao toad to bo of a phyaloal ohealaal oharaotor f whilo thoao for tho 
oontriro^al prootaa toad to bo of a atoaaaloaj. tharaotar, and henoe 
to have solutions for whioh it it oaalor to prodltt tho oharaotor and 
tiao sch adult ♦ 



It) a tonqarlaoa of tho statu* of produetion altat d«ti*a for tho 
two proeeteet la of ooarte favorable to the diffusion preee«e # ainee 
thit hat not boo* ftufehprliod or undertaken for tho cantrifu^ei process, 
ly aaJdlaf tho bold - sad to bo hoped for ~ve 1 1 d. Vejtuaptlft* that a 
suitable tubular barrier will be , forth OGaint;, it hat been poaaibla to 
ro ahead wit* tho detailed daai^n of tho duration plaat and thlt It 
woll advanced, inoludla* Uyoute for teui liquet 9 poaor plant, ttmiiary 
feelliilet, aad tho dlff*o*0* uaita thoaaalroa, oy aakiag a aiallar 
Mounptioa that tho lie lata bowl w*U ba preourabio c it would now bo. 

a ooatrlfU^al plaat # 



atcunptloa that tho lie lata bowl w|U ba prftourab 
pootlelo to ealed tmtlf M data Had a layout fbr a 
bat thi a tmo aat bt«K doaa*^^ ^ ? 
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IB). A oaaparioai 0/ tho tbatua of doattruotloa aad ^rooaroaant far 
tho two kind* of plant Ir of *oan* altd fatorablo to tho diffatiaa 
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OFFICE FOR EMERGENCY MANAGEMENT 

OFFICE OF SCIENTIFIC RESEARCH AND DEVELOPMENT 

I3» P STREET NW. 

vannevar bush WASHINGTON. D. C. ? fc Broadway 

New York U, *?«w York 
Deoonber 19M 



Dr. J. 3. Contnt 
1530 P Street, 
Jaehintfton ^5, D. G. 

Pe*r Dr. Conent: 

In *ooord*noe with your letttr of Dectmbtr 9, we have 
prepared ft rough tint schedule for large otntrl tu>r* plants. 
Two sleet of plants have been considered; one to produce 1 kg./ 
day 0 flight laterlal of 90* concentration nnd the other pro- 
duce half this aaount. In both oaeei it hi* been attuned that 
the light material recovered would be 50< of that oresent in 
the initial feed. The nuaber of centrifuges required it 
roughly 30,000 in the first case and IS, 000 in the teoond 
Case. These are long bowl oentrlfuges. It has been attuned 
that a good priority corresponding to that being obtained 
on similar pro Jeots will be applied to this Job. 

The major equipment Involved, which it considered 
critical from a time standpoint, are the centrifuges themsslvee, 
the electrical equipment required to drive the oentrlfugcc, 
and seal gae rcoovsry equipment. The Meetinghouse El to t rie 
Elevator Coapany has made a fairly careful study of the pro- 
doetlon of the long bowl centrifuges, so the figures given 
for the possible production datee of these centrifuges is in 
no ssnse a guess. The ^estlnghouac Electric a Yanufaoturlng 
Coapany has investigated the production of the eleotrloal 
equipment for driving the centrlfugee and the figures given 
are reasonably reliable. The nanufaoture of seal gas 
recovery equipment hae beea developed with Clark Brothers 
who haw* fabricated experimental equlpaent for us. Hero 
again we bell ere the figure given ae to time la reasonably 
accurate. A discussion of these various plscos of equipment 
follows! 

Centrifuges 

The Weetlnghouee Cleotrlo Elevator Coapany have 
prepared a tlae schedule for otntrlfugee based on installing 
llltiss that will ultimately produce 1,000 centrifuges 
a month. On the basis of this sohedule their estimate* 
•alia for production of doo centrifuges in 11 months 
after word is given to *o ahead. Most of this tla# le t 
of course, spent In the development and erection of 
menu featuring facilities. After this 13-wonth period 
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cantrlfugti anuld ba pro*uc*d at th* rata -»f V, OOQ par -ionth. Tha 
lnrastmant for oantrlfuga ™nuf*eturln^ faatlittaa on this soala 
would ba roughly $3 f 000,000 and tha ^««pn»ar raoulra* in thalr 
fabrioation would ba *N*ut t.SGO. tha a«tl«»atad cost of pro- 
duction of tha oantrifugaa without my j*yojt on th* fabrication 
plant la I?, 100 oar utohina. Thi« includa* tha alaotric *otor 
for drirlng It, It It ploturad that fe&a o#ntrifuira fibrloation 
faollltlaa, axcopt for work that can bt *ub-o«ntr<*ct« 1, would ba 
aractad with gowarnmant wonay. It would undoubtadly ba daairabla 
to Inatall ttia oantrifuga aiaanbly plant, inoludad In tha abowa 
inwantaant, at tha oantrlfu^a plant alta io that thii e^u Lpwant 
oan ba uaad for *aintananoa of tha uaohinaa. Tha aoala of pro- 
duct Ion of oantrifugaa oan ba aultlpllad with a oorraapondlng 
lnoraaaa In rata of promotion. That la, through lnatallatlon 
of Wt of tha unita contaaplatad by ^aatlnghouaa tha production 
of oantrifugaa In tha flrat 13 aontha' parlod could ba inoraaaad 
to 1*600 aaohinaa, and rata of production tharaaftar 3,000 
saoMnaa par nonth. Figuraa ftiwan on tha tlaa aohadula for 
oantrtfuga production aaauia tha aucoaaaful ooaplatlon of tha 
dtwalopoant work on long bowl oantrifugaa by tha *atginthouaa 
Raaearoh Laboratory In six aontha. Thla la diaouaiad in a 
aaparata lattar. 

SlaoW?*! ^hIp"^ 

Bou*b plant layout a lndloata It may ba daalrabla to 
group tha o*ntrifugoa in individual buildinga, aaoh building 
oon tain lug about 5,000 oantrlfuKaa. * 5, 000 oantrl ru«» 

group, * aotor ganorator aata will ba roqtilrod *fr?,000 KJA 
onpaoity to oonwaM 60 oyol* currant to ^0 oyola currant, ror 
a 1 kg. /day plant 60 auoh wo tor ganarator aata mill bo ra^ttlrwd, 
faatlnghouso aatiaatat that tha flrat unit can ba doUwarad in 
thirty waaka fro* data of ordar, and that ona additional iiaonina 
oan ba dtllwarad aaoh waak tharaaftar. tha total oroffjp 
rtmiiro H aontha for tho 1 kg,/day plant. It aaaaa Ukaly that 
larger unita of *,000 *** ** wuppllad. 2?. ba.i. 

thitotal miabar of unita for a largo pl*nt *• *>• SL^i 1 *?*' 1 
«t1t*a*f^«*<*»»» motor ganarator atta would ba *^&^^J*^ 
SonthaTln aithar oaaa, tho aotor ganarator aata **** ^^l*" 
abia ahaad of tha oantrifugto thoy ar* to aorra.* Other •l™*'*" 1 
aquJpiant «uoh aa aooalarating motor *forioratora for -*«"2lnI5 
oanmfugaa, tranaforaara, iwitohaa, and wirin*? oanba ^fl]! 4 
wall ahaad of tha oontrlfugaa for »hioh thay would bo raqulrad. 
Elaotrioal aqulpf*ont la tharafora not Halting. 



3oal ^>a 



fha gaa oantrlfugo a a now dawalopad la not baaad on 
maintaining particularly tight aaala batwaan pnojti **f * 
nitro^^n uiad for purging purposji- Aa a raault thorw U a oon* 
aiiarabla amount of atal gaa ooslng oft aaoh whina which 11 
a ^ixtura of prooaaa daa and nitrogjn. It la rt « # j; ,, ?ryJ d t , h . 
roeoT.r tha prooaaa m froa thla atrt« ,nd raturn It to tho 
oantrifuga ataga fro. which it oojaa. In ha pilot plant at 
Bayway cold trap* which aro oparat^d on a batch baaia ara uaad 
Er thlVracorary. * oontinuoua cold trap l^^^gWjf* 
haa ba«n raoantly oparatadfrnar^ajjallr - 
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s trap iMic to function all rlgnt although Its oaoiolty has not 
* bei»n fletermln«d. It 1« <»fitl -anted that for a 1 kg. /day plant 

^00 oontinuou* traps of the else no* being t«9ted at Bayway will 
ba required. It 1^ not Tel t that difficulty will be experienced 
In setting tn**e trope In a^equste ti ie to tieat trie centrifuge 
aohedule. 

Remainder of Equipment 

The remainder of U.e equipment will consist of 
buildings, vacuus pumps, piping *nd miscellaneous equipment. 
It Is believed that all this material can bt fabricated and 
•rsotsd to meet the sohedule on the centrifuges. It Is there- 
fore felt that the limiting Item ietenslning p] ent conpletlon 
date Is the fabrication *»f th# centrifuges. 

TIME SCHEDULE 

As brought out shore, In computing a time schedule 
two siiee of plants are being considered; one to produce 1/? kg./ 
day of light material In ?Of concentration, and the other to 
produce 1 kg. /day. for the smaller case the tine schedule 
has been based on centrifuge fabrication faollltlee which, in 
full operation, would produce oentrlfuges at the rate of 1,000 
per aonth. For the large plant the centrifuge fabrication 
unite have been doubled, so that when in full operation they 
( would produce centrifuges at the rate of 2,000 machines per 
aonth. In considering the time sohedule it would seea da- 
tlrable for either the snail or the large plant to erect the 
plant aa five separate units. On this baele the Individual 
unite for the smaller case would hare a capacity of 100 grms/ 
day of light material, and for the largar oaee 200 graae/day 
of light sate rial. 15,000 centrifuges would be required for 
the email er oaee, and 30,000 for the larger. The individual 
unite for the smaller oaee would conelet of 3,000 machines, 
and for the larger case 6,000 naohines. Thle arrangement 
hae the advantage that any troubles experienced in one unit 
would not bw reflected in the other unite. The equilibrium 
tlae for the individual unite would be four months; that it, 
product could be taken off at the estimated daelgn rata 
four months after the unit was put in complete operation. 
By building the plant ae individual unite, produot would be 
obtained much earlier than would be the oaee if the plants 
were built ae one complete unit. 

Time schedules have been baaed on the assumption that 
decision to go ahead with the projeot would ba made January 1, 
19**. The sohedule oan be adjusted for a later decision date. 
On the baele of thle date. It is estimated that construction 
of one unit for either the large or small plant would ba 
completed April 15. 19*5# and that the plant would be in full 
operation May 15, 19^6, and would be producing produot at design 
rate September 15, 19*5. At thle date, depending on whether 
the large or snail plant wae built, the production rate would 
either be 100 grams or ?00 grane per day of light aaterlal in 



Or, J. 3. Canant 



90 oonatntratlon. Additional unlta of oorraapondlng oapaotty 
would ttart producing product In aooordanoa with tha follo»ln« 



2nd unit * Di«Mbtr 15, 19*5 

?rd Unit - March 15, i**4 

4th Unit - /una 15, m 

5th and final Unit - 5#pt*oU<ir 15 # 19W 



C09T or rujff 



In oonnaafclaa with tha till atudlaa that haw a bwtn uada, 
oost of oartaln n^ulpaant hat baaa 4n«Up«l Thaaa oowti ara 
followi and ara batatfba n 1 kg # /dar unit. 

Oaatrlfuga fabrloatlan faallltlna . . . . $ 6,000,000 

50,000 Ctntrlfugaa <• $2,100 aaoh .... 63,000,000 
tlaotrlaal aquipaant lnaludlng 

vim and installation 21,000,000 

for « half kg. /day plant thaia ft gun* would ba roughly nut In 
half. An *sti»ata of tht ooat of tht ooaplitt plant hat not 
baan aada In tha pratanft atudy d\ia to tha faot that thli really 
hat ta ba daralopnd In da tall. 



In ordap to gat a rough platu ra of tha pot tibia total 
plant aoat an tatlaatv aay ba uaad ahloh wti oraoarad soon tlaa 
in by tha fall a* Corporation for oaatrlfuga a ta taka oroduot 
of roughly j(0 ocn a ant ratio a fro* tha diffusion plant up to 
90* oonoontratlon. Thli plant Involved 6tk long bowl onntri- 
fugao nnd tha oott of tha plant without offilta fanllitlat 
waa tetlaatad at **,J7t f 000, Fro-rating thlt up to a 30,000 
eantrifurfa plant on a dlraot haalt would glvt an tnvtttatat of 
tha ardor of 1200,000,000, For offalta faollitltt tuoh aa 
tooling *atar, ttaaja, thopa, laboratories and tha llkn, but not 
Including alaatrio pownr gt no ration, It la tuggottad tha abovt 
figura ba 1 no rat tod by about }0i 9 which gould fir* an overall 
lnvaataent of 1*60,000,000. For a half kg. /day plant thla 
would ba roughly out In half. It ahauld ba appraoUtad that 
thla figure raprwaanta a very larga extrapolation of tha 
eetlaate prepared by tha fellex Corporation and It nay ba that 
tha actual oott, depending on tha original aooureey of tha 
tetlaate, would ba eoaewhat lowar duo to tha largnr aoale. 

Ton will appro ola t a that tha tlna aahadula a a vail a a 
tha production froa tha plant will depend on tha tuooo ttful 
eoepletloa of an tiperleontal program on tha oentrlfugt orooeta, 
vhloh li oovtred In a ttparata lattar of tha tana data. In ordar 
to ieat tha tlaa aohadulaa outllnad It will ba ntoateary to tarry 
out the development program along with tha plant oonatruatlon 
program ThU la, of count, taking tha same tort of a ehanoa 
on tha projtot aa 1* balng taken on -other projtote of flallar 
type, after*, if unforaaan dlffUultltt ara tvperitnood oontlderablt 
■oney aay ba wanted. 




X will bt glad to *tto»pt to supply anr furthtr lnf© 

*orj traljr yourt, 



Copy to Dr. L. J. 3rl«gt 

Dr. A. H. Covptoa 

Dr. E. o v Lavrtna* 

Dr. H. 0. Uroy 

Brig. Util* R. OrortA ^ 
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Dear Dr. Conant : 



I am writing to outline an expert Ten til program 
which, in our opinion, should be undertaken If serious eon* 
silent ion is to be given to further development of the 
centrifuge nrojeot. Before going into/the program I would 
like to outline the preeent status of the centrifuge proeeee. 

3hort Bowl Cent r ifuge e 

The University of Virginia has operated e short 
bowl centrifuge with process get to obtain enriohment data. 
Thin particular centrifuge wee not developed mechanically to 
the oolnt where It could be used for large plent operation. 
Enrichment data, however, should be reasonably reliable. The 
reeult* obtained at the University of Virginia lndloete e 
cascade efficiency, as compered with e theoretloelly parftot 
centrifuge operating under their conditions, of about 60*. 
The Sesesroh laboratory of the Meetinghouse JCleotrlo end 
Manufacturing Company ha a constructed «rort bowl centrifuge* 
of a tyoe which are believed aeohanloally suitable for large 
plant operation and these machine* have been operated by the 
Standard Oil Eevelooment Company to obtain data on enrichment 
with proora* g*s. A review of the results obtained by the 
standard Oil Development Company was transmitted to the 
committee by my letter of December 6, 19U). On the whole 
the operating experience has been quite satisfactory, tfeohani 
cal operation in various runs has been carried out for a total 
»# 101 days, of wnloh 75 have been on process gas. The 

l**t run, which is still going on, has now covered a total 
uninterrupted operating period of 39 days, of whloh 3^ days 
have been on process gas. Enrichment i obtained in the 
3tandard OH Development Company ollot plant have been *on- 
shat better than obtained at the University of Virginia, 
probably due to better control of operating variable*, k 

caacade efficiency, based on a theoretical centrifuge 

IP k tory operating under the saxe conditions, of around 75-50/ ha* 
jfid BiY seen obtained. On the b*al* of this efficiency, 
3l BXtrapolated to a long bo*l cantrt. fuge. about 30,000 such 
O^itiwH ha chines would ^e required for a olant to produce 1 kg. /day 
tft^A^h f li*h t material In TO* purity *nd to recover 50* of the 
light material In th<« feed. In connection with oasoade . 



»ff lolwnor, It nhouli bw bor** In Mn4 that th* t*«orr 4f >i» not 
»H« for r*41al flow in tb# <s»ntrl f-ua *h«r*** aotuallj, iu* 
to r>r***ur* drop roqulrt* f^r flow if thn^h th* cantn- 
fw, it 1* lU*ly *o** ri'ilil flow lot* ooour. If th* th#orv 
allowwd for tbl* f*ot the rr**lot*4 r*pult* would ^robablr 
o/iita olo** to th« «otu*l 

Long Sow^ c^^rU^iTf 

Th* short bowl o*ntrlfu** h*i * length of about ^ 
In aha* fttrMi th* length af the Ion* oow\ o*ntrlfuK* It 
About 132 lnofc**. fh* prlsnry i!lff*r*ro« b«tw*«n tht ahort 
•M lon<p bowl aantrlfuy* In that In th* thort bowl mchln* 
th* bowl itt*lf 1* not «ubj*ot to orltlaal vibration*, *h*r*ai 
1* th* Ion* bowl o#ntrlfuir« It in. In train* fro* * nhort bowl 
to t Ion* bowl o*ntrlfu#t It 1 • thtrofor* rt*o«**«rx to *&** 
•411tloaal prowl* ten- for Soaping to ta** up tb«ywnorww lnwolwwd 
In th* vibration of th* bowl at it *o** through It* orltloal 
•pro**, Th* %n$ pv»p», «e* «*al* # and th* Ilk* arw Idontloal 
for the Ion* and ehort bowl atohlnas. Th* 4*walopa*nt work In 
<9l-<7 *o *K* long bo** naohln* It thtrofor* primarily cono*m** 
wit% tht ^taping p root wo, and adwont*** oaa bo taken of nil 
th* <t*w*lop«*nts that h*w* bw#n In th* ihort bowl waohln* 

In r**nH to other feature*. 

*ht tfnlwtralty of Virginia ha* built and op*rat*d t 
Ion* bowl laohina of th* dl*a*t*r oontwnroletod for largo plant 
u**. In th* largo plant It 1* olanntd to opt rat* tho oentrl- 
fuic* at *7* WS. Th* bool tht 'tat** ratty of /Inflnla hat 1* 
■ forged bowl rather than nit txtnrfwd bowl ( and tt a toiw 
*««u*ttot It It not oontldtrod tofo to opt rat* It tt th* full 
wptad of %J2 R?X In th* oartlouler aaoiitno at th* ^alwortttr 
of Virginia th*jr ?;*▼* been up to a *t>e*d of k\Q *»* but thtt It 
quit* alOit to « orltWal wibmtloo tpotd thit ttarto tt |75 
and at a jon**qu*nj* renreteat* an undo*! ratio oo* retina, point* 
frea tho *troii|tth of tht bowl it wat not fee title to <o wall 
a bow* tht muoal f?**d and to ktto **f*ly bolow It th* naohlnt 
hat btait operated at JJO tfMtr tho«t oondltlon* th* long 

bowl oantrlfuat ht* *iw*n a ottoed* afflolenor of around 7\t 
of that ?reitt«t*d for t thoorottotl o*ntrifUr* dinorttlft* lit tho 
ttot wtjr, Th* rttult* on th* lofi*; bowl orMrlJMtf« at til 
Unlvtrtltr of Yirjclati tbtrtforo ohttk oulto woll with tbo 
r**ult« on th* abort bowl. e*ntrtfwgw at Thtr* It no 

Invitation thoro will bo t dlfftronoo la ttporotlon worit 

p*r foot of l*n«tK In rfolnjt fro a * thort bo*t to « loit« bowl 
aaohlnOt 

Tht Btttarob Laboratory >f th* v*ttlnichooa* Utotrla 
and v.tnuf aoturlftf Cowpanf had « oontrait for nowolopaitnt of * 
Ion*: bowl otn* rlfufo whlah wot ttmlnattd tftor tho soptosbor 
nattlna; of tho toiwj&ttto tt Knoxwlllo* At that tie* eon- 
il1*r*bl* pro^rott hod bo«» aado la ttudflnc tho wart out 
faotora lnvolwod la th* loo*; bowl nantrlfNia*, and oortlaultrlj 
rtatlrgho'Jto ftlt th*/ had wnrtitjaV? out tho daspln* orobloa, 
Aft*r th* imr* m t*r»lnatod »#*tln*fboua* wwnt ah*ad at th*lr 



own tipanao «n1 oaxrUd tha 1o*tIor<*ant further of bull tin* a 
loaf bowl o»ntriruct 'Mah oonttlnta ill of tht ftaturaa naaaa- 
aary for itudjlnc tho dynoolaa of thla *aohlna. Thlfl *aohlao 
would opomta no ra ti 1 J at * araad of about ajo V?, In cottln* 
up tMl wpaad tht naohlna rfota tftrou«h four orttlaal apvadtt 
tht flrtt bain* at About 1? tho tooond about 5) tho 

third about 100 Hf t n4 tho fourth anl laat %t «botit TOO *M. 
fht naohinv wont un ruoott*fully through all thttt aritlool 
apttdt an<1 or>or«lH nlU tooothly at Difficulty 
wojII not ba ar?*ottd in -olng up to lh# opt ratine apaad ->f 
*7? tot to tht foot that no furthar orltlaala aro 
tnoounttrad. Tht aaohlat put tofothar wat oonal4arably out 
of bolioaa and no attaapt wot aoda to bolanoo It duo to tho 
faat that tttlnchouit wiahad to obtain trptrlanaa on boo it 
would opt rata la unbalanoad oondltlon. On brl "ginf tha nachlnt 
Jloon thoro vat a fa Hurt in coins through tha 300 &¥$ orltlaal. 
Hit abaft pulla<t away froa tha bowl, probably baoouta tho 
fattantnc *aa not itrong tnou*h and tha itahlna vat wrootad, 
Zt la 'tftlncbouta't fa aline now that bottor baltnainc wouln ba 
rtqulr«<f for a ^athlna and thty aro qjltt oonfllont that thoy 
ano doralop a naohina that olll rflwo tatlafaatory atahanloal 
apt ration. 

^ojgjtQ .f *t t *il 2i£ 

In both tha abort and long bowl otntrlfutftt It it 
ploanod to uao dry nit roc** aoal goo to saop prooott cat tway 
fro* oil. Tharo la a fair iMaattat flow of cat throu<rh tho 
■tali and ono of tha atallnf cat itroaaa froa a atohint oontalna 
a alaturo af nltrocaa and protait got. It la ntooaaary to 
rtoowar tha p root at gat froa thit ttrooo and rot urn it to tha 
aaoi ttaco in tho aaiaadt froa whiaa it o*att. Thllt it oaf bo 
poaalMo to oaMa thlt roaoworr with normal ool«t trapa, oh J ah aro 
opora tad on a baton baala, It it fait datlrabla to «tt oontlnuout 
trapt aoi *a haw a lavalopod auoh a trap daalcaad to tflva wary low 
holdup and dttitftai a* that all ooollnc turfaooa ara torapod to 
that a4aquatt haat traniftr oan ca obtain ad, A aortal trap hat 
bo to built by ClajrtV Srotharo an* hat rootntlw boan ootratod at 
ftayva*. Aftor taao initial diffloultlaa tht trap now (lvti qvltt 
tatlifaatory oporatloa but III aapooltj ho a not otto dataralnod. 
tt la fait that furthor dovwlopatoot work will bo naoottair on 
raoowtrf of proaaaa cat froa tho aoallnc ttraao, al though It la 
folt froa «hat tt know now that tha oontlnuout trap will of far a 
aatltfaotory volution* 



froa tha abort boot ground tho follow in* procraa ia 
propoaad on tho baala that It la lotirablt to puah tha otntrl- 
fnco projaot ao rapWlf aa ia oonatatoat with c*ttlru| ral labia 
U format loa. Tha varloua porta of thia pro pot ad pro cram aro at 
follow I 
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III ;;aT*lopaant *f ton* <io#l C*ntrifu*at 

Th» fla**troh Laboratory of tha 'Sar 
houa* U»otrl3 4 anufaotgrlng Coapany 
««tl~at»« th*t tlx month* h« required 

to o^»-?l*ta *,ha dfTalopaant of a Ion* bowl 
3*ntrifuK** and tht* tha eott nf thla 1a- 
ralopaant will **• *6o,0O0. In Addition to 
thlf th#r» ara aartain othar atudlan oon- 
naotad *lth baartnfla ana daw*l«p«a«t of a 
tlngl« motor for t&i Ion* bowl aantrlfuga 
that ara antloatad to ooat *20 f 0OO, *%kln* 

a tot*l if .w> ( ooo. Tt la fait wary 
•tromrty that Ihlf wb nhould fw ahaa* 
If tha oantrlfuira projaat it to 'bo aarrlad 
*ny furthtr tha» at ©raaaa*. 

■ 

(?) Conatruatloa of Lon* *nwl Cantrifuffat fnr 

Jayway niot PUnt . . « . 50,000 

»*ao4 oft tha aavalopaant undar Ita* (I) 
tha TaitlnfchOflaa riaatrlo Waratnn Company 
aould eonatruot two Inn* bowl o*ntrlfu*ai 
for ooaratlon at tha r?a*way pilol plint. 
Tha *aatl«#bouaa Claotrta £\9vmXr*r Company 
aatlaataf that th* firat *a«M*a oan ba 
oompl aiad flwa no nth a aftar thay raaalwa 
aatarlai; and %hn aaaond amohln* al« *ontht 
aftar racalpt of tatarlal. If oroapt nation 
la taJtan It *ay bw ?oi*lcla to obtain 
rtatarlal In thraa raonth*, wttloh would aaan 
that tha fir at naohina would ba aTallabta 
in alifht ™>ntht *nd tha oaoond In nlna aonth*, 

L 

(3) Oparatlon of Urn* i3owl Cantrlfusa at tha 

(Jnlvamlty «f Urftinin 50»coo 

It will »a daalrabla to *at f ur tha r . in- 
formation on tha anrlohftant that wilt *w 
obtalnad un4ar varying condition a with tha 
Ion* bowl oantrlfu«a at tha ^Tniwaroity of 
Virginia. It may tliio ba datirablo to 
prowtda tha ilnlvaralty of Virginia with *n 
axtrudad bowl whioh o*n >a oparataa at 
dmlKn tpa«d« Tha aaount tllowod for would 
oovar ai* aontha' ooaratlon In 19*»* 

9 Additional Short ^owl Gontrt fu«aa 100,000 

If tna oantrlfuga projaat li to ba pa « bad 
It li fait daflrabla to build a attaada of 
1 «hort bowk aantrlfugaf to obtain asparlanaa 
on oatoada oparatlon. Tha oantrifujfaa 
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a#il^n«4 art •alf~aatari«i| 11 to orooan 
gaa And the oparatlon of tha aasoada will 
dataralna how raproluolbla tha flow of 
proosaa gas through «n individual **china 
will bo. It la oontanplatad that tha oas- 
oada will ba optratad with continuous traps 
and suah an oparatlon will slloa axparianoa 
on thlt faatura. Xt la aatinatad that tha 
9 ahort bowl oantrifufaa oan ba produoad by 
^tlnghousa Slsatrla a Vanufaoturln* Coapany 
in nina aontha aftar raoalpt of ordsr. 

(5) Inatallatlon of Long »owl and Additional 

Short Bowl Cnntrifugna tlOO,ooo 

Thla itaai oowara tha Ittatallatlon of tha 
Ion* bawl aantrlfugat and tha oaaoada of 
9 ahort bowl oantrlfufaa at tha Dayway 
allot plant. On tha baala of starting 
January 1 # 19** It la aveaatad that o pa ra- 
tion of tha pilot plant on bath tha long 
bowl oaatrlfucaa and on tha aasoada oould 
atart Ootobar 15» 19**. 

(6) Oparatlon of 3*yway Pllat Plant 315,000 

Tha oparatln* oro«raai far tha 3ayway 
pilot plant la fcaaad on oontinuin* opara- 
tlon of a ahort bowl o»ntrlfu#t up to tha 
Una whan long bowl oantrifufaa and addi- 
tional ahort bowl oantrlfufto for a oassada 
ara awallabla. Thla would oowar a nina 
tontha 1 otrl*4 at an tatinatad ooat of 
m.000 par aeuth. Aftar tha ahort and 
long bail aantrlfuftao ara awallabla it if 
aatlaatad tha opamting coat will ba 
$30,000 par wo nth, sad thara would ba throw 
mo nth a In 19*% at tJUa ooat, whlah aataa tha 
total gl wan abora. Tha oparatlon of tha 
ahort bowl aaatrtfuga would prowlda addi- 
tional atparlanoa on anrlobaant and 
naohanioai raliablllty of this aaohlna. 

(7) Oavalopnant of aoal Oas flwaowory Systam. . . 50,000 

Thla wort would ba oarrlad out by tha 
standard Oil Earalopnant Coup any %nd would 
lnwolwa dawalopnant of a dauonstratwd 
satisfactory atana of raoowary of prooaaa 
gaa in tha aoal <aa froa tha o*ntrlfu*aa. 

Tha protfran aa outllnad abora inwolvaa an axpanditura 
of 17*5,000 for raaaaroh %nd dawalopnant work, along with w?ulp- 
aant raqulrad for 19**. !• 1 Italy that additional oparatlon 



Dl\ J. a. Conont ft. 



* 



of th« pilot pi 4?i t la 1°^5 »o\il<i b# lonlrwblo if « I «rfto ooioorolal 
unit li to bo ln«t«lto<l 4 or o-HMlhlj far jowpl ttlon of tho 1wr«lo>- 
**nt in uijr a«*o. If it in *o*iro# to -rooot4 purol/ oft tho 
4»v»lop»«nt ftf tU **rooo»o without Koitif ohoo* wltb oroottoft if « 
Urfw£««t t U It pot'lbl* th%% orooiMlturo* oouli o# «urtilU4 
«o*owh*t although not * .;root vltftl. It lo f*l* that wort «■ tho 
Ion* bowl a+ntrlfu** *houl6 oontimio in %nj ••#». It would bo 
po«*iblw to • lliin«r# work %t tho niwwrtity of nrnlrtio, In- 
Tolwlrtf «n wrpwndituro of 50,000, tn4 It io pooolblo that tht 
oporotlon of * ao»oo4o of ohort bowl oofltrlfucoi lo not ontirol/ 
nwoiiflftry* althoufch thlt li vjOitlonobl* > TMo would rw^uoo tho 
ooit bar * fvrthor t3OO 4 00O. If It it d#»lro4 • lopljr t« oontlauo 
tho op* rot loft of tfcd thort bowl ototrifugo now iaat*il*i «t 
3*7**7 vittoout 4ola# thine furthor, tftlt aaa bo ooatlftutd *t 
titlutid oaot of *?9,0M pwr aafttb. fro* our owa atafttaalnt 
wo aro not parttovlarlw U to ro • toft is thli aaoo tut wo wilt aoft- 
tlnuo tho a p* ratio* 1/ 9, ft* ft. 9. dftftlroft. 

In toditloft to tho obowo itowj« la th* pro {ran, it «*/ 
bo do*fcr*bi* for tho *4*ai«uo Gaajuanw of Aaorlo* to «orry out 
toiio worn oft th« ttrwftgtJi of •xtrualoao that will bo wood for 
bowl fieri Oft tUft, parti aaiorlj fro* th* it&mdpalot of ••♦in* If 
astorlal ft of lft*TftT04 itrwafth ooMia bo total*.* whloh ww/uld 
alio* th* waoftlftoo to oporato a* naufc at h ichor oaoofto. Th* 
noooooltw aft* oaot of thlo pro«roa haro not baaa otoarlf oo- 
tabllth**. 

If ran Kara aay quaotlftftft la r*far# to oar of tho 
aatorlal *lroa la till lot tar 2 will W «lft4 to try *• *h#w 

Tory truly wrw r 

: 



KVftlBf •* f. UIWKWIT 

to Dr. W Anna 
Or. A. fi. Goaptoa • 

Dr. S. 0, Lowrwnoo 
Or, H. C. Uroj y 
trig . 3oa. Uolio irowoo / . 
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Off/Of fOA EJf£*GESLY MANAGEMENT 

OFFICE OF SCIENTIFIC RESEAROI AND DEV ELOPMENT 

1530 P SrREET NW. 
WASHINGTON. D. C 

* . 



cm :e c f the -Jul r 
i.V. >*>x 2610 




Dear leneral .irovesi 

(1) This is in r«\L.. tj /^ur letter -f 1)< Ur 1 , lA;. lou 
ask the S-l CoM.it tee to j ivc t:wi." vi. .ts on t.i« feasibility frois, a 
scienti.fi 3 standjol.it of tho centrif"£e method. It is not possible 
to &xivene tlie >oiir.ittte in trie snort th e available, for I know 
thore ire urTcr.t reasons -thy .n? sh^'.lr j^r.e to a ieoisi a in this 
ratter in tht ::ext * .? .roeka. feu .live received topics of trfo letters 



c rcjcarzii ;ro, 'ran 



fror* Dr. l^ir .reo ;*vln* the present cir::3 
and the est'ntes of the construction r t.u- • * oth letters are da tod 
Decenber 22. These letters r. *vo likewirf rone tc each reiser cf the 
L-l Corr.ittee is have ,. f i ra *r'-sr re rtr J ited "overbcr 2, I.'ovoabcr 10 
and December 7. 7hr r.ex-bors of t; e 3orr.itteo therefore iiave ill t'ne 
pertinent facte it their dicp--3*il» T v. ialdLtr; each Berber of the Cor*- 
r. ittee to write ycu as s^n ac t csaii lc his o*.vn i.*»jwcr to the qiestion 
whi-ah you have raisev!. I feel th.it -ou j ji I* '"li^ed better by these 
separate re lies than by -ur/ femaj vote which r ifht now be tiken by 
the Cr^cittee after discussion. 

?cr thm sake of the record, I tf- enclosing u ccpy of a 
portion of the last Linutes of the G-l Joroittco at which this s^ttar 
•<*as d.' s a^ssed > «4aich will sujw you the opinion of the Connittta at that 
tine. As you icnow, however, joae raetibers >f the Remittee nave re- 
versed their view in the n.eantino because of the excellent results ob- 
tained at Sayway, which wore not a surprise to_r.e alX as I always 

lasuxned the instrument vmuld «rork mi ah the way as lias been dercon3trated. 

(2) ly own opinion is as follows. I believe that it is "evident 
fror. the ti&e schedule given in Dr. Lu rphree's letter of Decenber 22 
that it is impossible for the centrifuge sothod to be broiL^it into tne 
present prcf'rsn except as an additional insurance against th* f lilure 
of the present three uethods whicn are now being pushed, I have every 
reason to believe .ijrea rsy contact with thooreqgnj^ status of these 

ach one^^ff succes sf ufTt^fi in production at 
ogran a daj^nontha before tho centrifuge :>lant could 
rate, rTua convinced that the United Jtates aovemrcent 



three methods tha 
the r ite or one 
cone in at the 
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Is now sixMiuin* -li the *oney, tiae K)d material on this program that 
is justified mJ tliat an additional ,jm««ss for Insurance, particularly 
ui5ur^n^o r.it rfjyj at suc^i a lit* d.U *culd be entirely unjustified* 
Z 3*01:11 not .tnnt to take tile responsibility therefore of r*c amending 
o-V ex,ienuituro of uonoy on this *jrogmn, even making the =iost favor- 
aLl« nasur;, tions as to the future rt search, ieielopnent and Constriction* 

ly trds sane t ken, onlesa you and ths ktUtary Polioy Caa- 
rittio should decide' tc t-Oce up this pnvraa and incorporate it In 
;-our *rerk f I do not foel that tne Jowiittes should ocntir.us to, 
3 pond 1 ay further money s* research or development. 

, fc s to Uvi- fracllAUty of the centrifuge net nod from a scien- 
tific st adjoint, it ;ee*ui clear fro? the evidence presented to date 
that tht* n*:thod Is 3 favor nltlm cne .vid thit there is *very reason to 
L'jlicve that tho tiae scnedile ana estinates driven by Dr. \ur?hres 
could t*e realised. Therefore, one ;an say there Is a strong probability 
of success, bvt frxi ^&lnt of " viow no tors certainty thin is now 
prc!T*r/.cd \ tae elestrcr a^-natlo, the jriphite pile or the diffusion 
procese* « 




:^ Jr. I. J* arij-s 
Dr. Ai" Cttipton 
Dr. £• w Lamrence 
Dr# 3. V. Vuniires 



Dr. ' rey 

nr. imn Stewart 
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aftar (Umtslm *t aa* TOt#4 t# gotta Vtaa Tlrfinla oantmat 
t«ruMUiW ooa>lttloa data r l^a** aat.ta stop**!* t*ara at araaaat 
and at laatt lie bm ntaaaaid Oil oont&m* tn rpia tha abort bawl for 
aa aggregaia of A aantaaf. at aa •■all aa axptnaa aa poaaXj»la* * . 
• *-f * * * * 

. fir* ■arphraa aalatad 0*t that laailMfhyaW ha^ ra^t#4 aa 
additional $65,000 W om.dnlr aartr a* oaofeira^ss. Of thi* aanaat 
$25,000 ana for aaaalatlam of taa. short bowl aaqtract and $40,00® 
for ooanlattaa of thar.lang boa} ooairadrt* Xba oaaplota war* for tba 
balanoa of this jaar oa tba iatftiilfiiiia nflta alafet* Jaralviaa; oparation 
of a ahor* bowl oaetrl^ta oa^ralsaF f*n^ iFcor* aartaia n*a~ 
oallanaonA aerrloaa (such as • oartaia naowjrt of work oa tha .Trail pro* 
Jaot), Standard will ana* aa addltlaaal $1*5,000* Ta oaatat* tha loaf 
bowl aaatrlfafa for tat firat si* anatfes af 1944 ftaadari aatiaataa 
tba* $120,000 will aa inwolrad* % tor* at tha 3ni*araity of Tirgltrfa 
aa? ba ooanlataA tala yaar, altbonga ** poaainlo aa addad axpaadV 



tura of 125,000 for naxt J*ar way ba daalmal** gbanagjalayi Or* »arpbraa«a 

aa follow 



taatlafnonaa ~ x $ *5 # 000 
Standard Oil 125,00* 
Standard Oil " 120,000 

Virgin** -2i«fiQ9t 

•335,000 



- 



, »* . . ajn.izjD 

On a aotiea to autboriaa tha abow* eovplfta npafraa f tha rota 
vaa a tia, and tba daolaiaa la ta ba aada t* Bu#h atthoaf baaafit 
of any rwaaaawnwatlaa froa tha Cossdttna (Itfwranan, Ooaptaaj, , and aWnhraa 
ia favor of tha full prograat Coaaatr r Brings,, and tfraa ia fetor af tha . 
ourtailad program praidaaaXp rotad)# 
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QFFIC&Fh0 EbijtGENCY \tA\4GFMLST 

OFFICE OF SCIENTIFIC RESEARCH AND DEV'FJ .OPMENT 

1 5 JO P STREET NW. 
WASHINGTON. D. C. 



?6 Eroadwav 

N*w Yoik 's New York 

December U, 



Brl£. Gen. Leslie' R. Groves 
Box ?6l0 

^flehinflfton ?5# C* 
Dear General Grove a: 



In accordance with Dr. Cor.*rt f a letter of December 
I an writing to srlve my views relative to wr.At action 
should be taken on the ^rntrl'Ve nroje'et. Cn t*«c r-^.^ct 



(1) 



(-5 



consideration to three methods of procedure: 

To crcceed as rapidly as oosslote with the 
construe tion of a larre plant to rroduce 
0. r > to 1 k§?,/<%sy of ll^ht material. 

* 

To finish tre develonient work to the i>olrt 
•Mere constriction of a pl^nt can be started 
at any time but with the Mineral thought that 
no attemct would be ande to anoly the method 
lr this war. 

( ') Droc the whole prolect. 

In regard to Items (?) and ( ) , wl ich c«jn Y.c dis- 
posed of easitat, an experimental -ro. ran wis outlined lr my 
letter to Dr. Cor.ant of December 2?. This sro» ram called for 
an expenditure of $74-3,000 for the '-ear l^U, *nd there mi^ht 
be fjrther expenditures due to f xrerl ^ent »1 worK. running Into 
194-^. I thir.k the best way to Iook it this woulc ce m 
expendltjre of ll, 000, 000 to complete tYt? rro/ect *roro the 
standpoint of develoDrnent work reqjlred. It mirht be possibl e 
to scale down tr.ls oro ;ran 80T.**:.nt by el i- lrat lr** tre in- 
stallation of <* small cascade of short bowl ^achlrf. Ir 
this case the exrenditures for 1044 would le rou.'hly '<c\ >oo 
and further work required In 1Q4S rnVrt add ?o 00,0C0 to .ire 
a total of, say, *£00,000. I have some om st Ion a* to the 
wisdom of continuing development work If the rroeess If not 




\ 




to be used in this war, although I doubt 
back^rojnd to pass 'on this ouestlon. 



If 



T 



ra"e su^Mcient 



The Standard Oil Levelotment Company would only want 
to continue the develou .it r. t work if It war felt that «* real 
service would be rer. 4 errd to the *o-vernnent „ other*ife It 
would be preferable to put the Involved on other work 

that is of lmcortsnce to ,.nc war. 



Brig, £en. Le*ile <t. Grov* s 



1 ^-n-M 



^sw^^ 

The de*lrshility ra-^edln** no* wltr restriction 

work aft * lar^e centri'u e nl**** !*■ rn-lf lirtr^iy on the etatva 
and prospect* of altt-rn*t:v -,i^n P **c ">TnI irkin* the lame 
end*. At the or* sent tl*e *<^r* \r. . oir ♦ shead rnridly on the 
electromagnetic and diffusion , ro Vcte. In general, it would 
assa that two precedes f^r carry tru out t:.* ifn ration involved 
(which Is strictly % ohyslcal rirwtlon) i* »bout *11 that r re- 
vision should te -iadt- f oi\ Tr e o lestlnn t .ere fore if whether 
the centrifuge project would ofvp * batter leans o ? carrying 
out the nepiratlon t v an the t-ro • r^cesRep now bein^ worked on. 
An important factor Ik wJrtr.er replso^rr^nt of one of the exist- 
ing two art hod t by th«* centrif jve ".etl.od would result In aerious 
lose in time before nrr-duction could be started. From what 
background I have, which 1b not too recent, tr.e electrociA^ati c 
pro Jeot la too far alon^ to warrant consideration tein^ jfiven to 
it* replacement. The question, I think, therefore, is whether 
1% la desirable to replace the diffusion project alth the centrt- 
fug* projeot. If this eer* done, presumably the engineering work 
oould be carried out by Kellex *nd the ooe ration by Carbide, as 
Is now planned for the diffusion orojeot, 

I do not feel that I have enough information oa the 
present statue of the diffusion project to make any intelligent 
reoomswiSatlon as to whether it ought to be replaoed by the 
asntrlfugs projeot. from what Information 1 have, I believe 
that the centrifuge projeot has given a better demonstration of 
the feasibility of carrying out the separation than has ao far 
been obtained on -he diffusion orojeot. I further understand 
that considerable difficulty is be In* experienced with certain 
phases of tha diffusion projeot. I do not know how serious these 
llffloultiaa are. Froa the standpoint of time, I understand it 
la now estiaatsd that a lares diffusion plant will be ready to 
oosrate July I» 19*5* This plant presumably would have capacity 
to pro<tuoe 1 kg./day of light material in about concentration. 
I further understand that enrichment above this say be obtained 
by the electro magnetic process. On the basis of the plant being 
ready to Start Jul/ 1. 19**5, I would think the earliest date that 
pr*4uet2on would be obtained would be four nonths thereafter, 
which would bs Moveaber I, 19^5 * On the time schedule which X 
gawa to Br* Conant in ay letter of December ??, Which admittedly . 
la roug£, the centrifuge plant- would be oro<iuclng at the rate of 
about O.fc kg. /day In 9Q!< ooncentration by December 15 f iWft* On 
paptr the dlffuaion projeot would be orodueing at a higher rate 
by the first of 19^6* than the oentrlfug* project but the oentri- 
fugs orojeot would start production sooner. I think there is 
soma question If replacement of the diffusion project by the 
centrifuge project will cause any great delay In the production 
of material. This, of course, depends on how successful the 
development work is on the two projects. 

I think It will bs very difficult for the 3-1 Committee 
to really give a sound recommend* t ion ae to what ought to be done 
unless a vary thorough raw lew is mads of the oreeent status of the 
diffusion and centrifuge projects. I believe it would be 




prtferible for you to apoolnt q c m 1 - 1 * t, for tMp, the oo j^ittre 
Co be corsprtflel of nrorle who «rv fv&IM*r er^u*:h with th* t*o 
orojecte to <o into them In sorre ict*l! , Thi* c*vwltt«* could 
then «*lvr *Mt ahoull c e «io»ir.'l rt o'*' | .**t*ri--it l*nn 4 .4 to what should 
be (ior.e . I think the n;estlc»n **• of s-jfficUnt importance fro* 
a nation*! Pt<mdco lit to T^rra^t euoh a n^Tiltte* lnventi*i*tion. 



S\Ti:3F 

Copy to Dr. L. J, ori^vs 

Or, A. H, Comoton 

Dr. J. B. Conant 

Dr. W, 0, Lawrenct 

Dr. H. C. Urey 



Ve r;/ trulr yourfl, 





miz accent*? ::mi3BJLj > AGw. 
wis is zcnj-otl— 

UNIVERSITY OF CALIFORNIA 
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Janiary 1, 1?U 



BTttfSdUr C«o^l I. 1. 
War X>apnrtn»nt 

Of flea or th« Chi af of tngl*+*r* 
P» tf* boa 3610 * 



Or. CcoAat Vim aakad Ml as • aaafcar of U« 3-1 JomltU* to artta 
/oa v *i*vt Ott tba oaatrlfuga ?ro«raau a* /ou kno*, I Kits fa-rorad carry- 
ing forvard tha oaatrifUga r—**ra\ sod la«tlops*tat t but ana It tsaa* alaar 
to at that tba i>ro#r** •hould Sa tamlnatad. Xj raaaona for tfcls aonolsalon 
ara aa follow 

I. jehadulf . Tha tiaa #ohadula oatllnad la fir. Marphraa'* la t tar 
of DaoaaW ?9 looiantaa that vita all taa luab la tha vorl* la tha attaaalra 
raaaaroa *nd dSTslipawot vork that at HI ltaa ahaad for sash a prajaat, a 
lantrifurfs pi act sould aat ba Vullt *od put into oparatlon soon aaon^« It 
it too far bahiDd tha ^raphita ?ila to! tlao trcam^tio prngmnn, tod ta aaj 
rasa oould not ba rasdj for thlt anr* 

5. Tha .potnntUl Pltljtata Talua of tht Ctotrlfuat S^ttaau At tha 
risk of oonTajWan Tap ma a Ion of praJudJolal J?d^ant, I thoul4~lltos to ai- 
praai aj paracnnl cplalon, vhtcb la sharad bj Profaaaor Ollphnnt, that tha 
alsotruan-jiatla ft/ttaa it potaatiill/ nora soonosdeal than tba oantrlfuga. 
Tvo jaar* «£o f and parfaapa *wao a /aar a#o f it wna *j*aarallj fait that tha 
al*etxva*4n*tf0 aathod vaa tha aathtf* of trpadiaoor, tha coatltaat, bat tha 
«ursat and tha qutetait, *nd that oltlaatalj Xt vould ba tuparsadad bj tha 
■uch aora economical cantrlfuga or diffusion plants. I suspaat that tbl t 
notlosi still paratsts, ♦ad that tbart U oot a full appro* Ut: on la all 
qtiartara of bov far tha alactrcaaagnatte lara lopnaata bar* son* . To put tha 
ant tar la 3ons/ata tama* it tha praaant tla* tha aoat tsMantas tor tha 
Alpha 5 alaotrcaaenttio plant ara oot graatl/ la auraaa of tba currant aatl- 
aataa of tba oaatrtAi^a and dtffaatoQ larga aca'a pl%at», and *n aaa abara 
rurtaar aatalofaaaatt ta tba naar fntura will Irtrtaaa output, raaaH}n« In 
oattlna taa orarall aoat a of tta alaetroa*£nstfo plants at laast to ana -half, 
and poaalblj to ^M-^aartar. Tba ldaa» tLarafora, that tba al aa t rraM^nat la 
a/a tarn la not ocwpatltlva tn fhm lon# r*maa rltv la jtnUnabla; ratbar f tba 
ra^ra* la tru«. 
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5. I should IfVe t^> >*k* thta x>£a*lon to «et divn v preeent 

v!#vt on the ^-!?5 -m»Jeot, w»*tcli J h*r* frdleete* recently ia *ttsral cooTtrea- 
ticna with jo«i; for 'he ab r«9 rawirWs Sn regard bo the sentrifUre *pj»l/ here 
wits e^**: fc^t. I think all *!11 ag-rea that a good ~aae vat aiii a yaar a#o 
Tor going ebaad t wj i ately #tth plans for diffusion plant construction bsfore 
all fundaaaatal laboratory prwbl*ne had been solved, notably the discovery of 
a «jl table maiabrane. Qn tht baa! a of whet va vara told, tha opt lml at lc hopee 
of tha laboratory people on th* ma hand and tha aeauranoe oa tha part of Mr. 
JLelth of tha la Hogg 0 apeny tfcat tha Daabrane problem wee practical!/ eolred, 
ft seemed to bt i good gsmble to go ahaad with * 11- oat plant dsTelepnent. At 
this point I fhould Ilka to rapaat that 1 taVa off my hat to yon for tha ooura^re 
and rigor with vhloh tha ieclalon vaa uede and has been implemented. There Is 
no ona who appreclatas more than I that without your fine ^ualitlea of leader- 
ahlp, wiedcm and courage, tha ore rail program would not have bean of any practical 
significance. Vita this respect for /our Jud^aent, I should Ilka now to urge 
that, at Proftttor (Jrey hat recently indicated, tha X-?3 program la a wan bahind 
tha centrifuge development, and tha re fort It should ba Immediately eat bach, if 
not tarmlnatad altogether. I an no lon@ar even anthutlaatio about continuing 
raaaarch on tha diffusion method, bacauaa again I faal tha aleetroamgaetlc 
system will ultlnataly far outatrlp it. 

This la ay consldarad opinion, although I an conscious of tha fact 
that l nay not know tba wbola story, but If tha facta at my dlapoaal give 
assent! ally tha trot plctura, I faal auffiolantly aura ot ny flaws to urga 

an to ro». 

Apart from ganaral and obvloue raaeone for stopping a want conetruotion 
program tba inataut lta ultimata uaefulneee la no longar apparent, I am lnmn- 
dlataly concerned with lta affaat on tba program of tha graph ita pi la and 
elactrcma#aatl@ prograne. It la olaar that eliminating tha dlffualon and oentrl- 
fuge projects would free a great many facllitlea which would ahorten tha ttmn 
schedule of the former. That appllea not only to construction and operatlem, 
but alao to raaaarch and development. There la, for example, mueh that torn 
Columbia groups ooold undertake Immediately that would aoaelerate tha electro- 
magnetlo project, especially la coonectl m with tha Beta proceee t and I know 
that stoppage of the 1-2} program would make It poeelble for tha anewfecterere 
to put much mora engineering talent la tha debugging and development p ro gr a m 
of the electromagnet lo plamta in tha am/a ahead. 

I hare had repeated eeeurancee, ae doubtleee /on hare had, from all 
concerned with the practical aepeote of the alectromagnetle plamta stoma h 
Vebeter, Qenaral Ueetrlo, Allla-Chalmara, waetlnghouec and tha Tenneeaee 
laetman Corporation that tha electromagnetic plant now under oometruetlon 
le operable. But It la alao abundant 1/ clear that lmyro* omenta can be made 
which will lncreaee the overall plant output end reduce overall coats, ee« 
peclall/ In operating personnel. The opportumlty for further engineering de- 
bugging and development is great, and an/ amount of additional engineering and 
scientific talent can be immediately put to effective uee In the da/a and 
months ahead. 




I tb«rof re hop* wry «uch it vlll be your dec!*!'* to abandon fcfee 



r-?5 profir*», but in erent /cur dec 1p ton !e otherwise, jou may reat aaeured 
I will "play bail." I shall amuM that I Ao not Urs all the facta >«fore 
ne «rd that yea hare good reaaona for «;or»t*nuJn^. 



CC Dr. L. J. Brieve 
Dr. A. fi. Co*pto« 
Dr. X. T. Mttrphre* 
Dr. fi. C. Urej 

Copy Dr J. B Craant 



airfare ly 7cure, 
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January 3, 19*14 



Dr. James B. Conant 
1530 P Street NW 
Washington, D. 0. 

Dear Jim: 

I am sorry to hear of your being laid up with 
the grippe. I had a little siege of It myself a oouple 
of weeks ago. 

I wish to make some comments In regard to the 
centrifuge and K-25 problems, in reply to your letter of 
December 23 1 an< * ** making oomments on your letter to 
General Groves of December 23. 

1, Ae to point of view in regard to work being 
done during the '*ar on further research and development 
\fork, I am entirely in agreement with you. Unless there is 
some ohsnoe that the research and development will lead to 
results which oan be used in connection with this War,, the 
work should be carried on,, if at all/ in a very minor way. 
Applying this criterion to the K-25 I tnink, to a 

rather discouraging point of view, when at the end of 19^3 
we still do*not have a barrier Cor the plant. 3o far as I 
can see, we still cannot make a suitable barrier for this 
plant on a laboratory scale by any method. There is a chance 
that the K-l wtll come through soon r ar that Dr c Mack's ef- 
forts on A barrier will be successful soon, but Just as of 
today this is not true. It is Jus.t for this reason that I 
have very serious doubts of the advisability even. of con- 
tinuing K-25. I do not see hOw any time schedules can be 
kept when such important research and development is still 
going on. 

On the other hand, the centrifuge project has 
come through with definite experiments. Successful runs 
have been made on a scale at least two orders of magnitude 
greater than hfcv* been run on K-25. I ** told that 500 pounds 
of hex has been put through centrifuges with the compositions 
changed for 400 pounds by X% downward and for 100 pounds by 
H upward, in the concentration of 25; and the centrifuge 



COLUMBIA UNlviltSITY, DIVISION br WA*} RWIKAUCH 



dw% jaaee b, (Sonant 



Ooluabia Serial No. lcou-L-^: 
3, ,1944 ,3 HCU 



r rating under these condition*. 



2* ' 1 cannot see how you can be to optimistic 
about f~2$, *i indicated in the second paragraph of your 
latter. Aa I have' watched this procaaa since last Hay, da. 
voting praotloally ay antira tlaa to it, X have fait that 
the trouble* which we eea in thla process steadily inoreaeo, 
alwayc with the hop* that next weak they will aireoulouely 
dlseppear, 3peolf loally t there are*. eerioua probleaa In K-2$ 9 
of a auitAble barrier, of , aalntaining a yaouua. in a very 
large apparatue and elicinatlng vacuus leake, of a duet 
problem which *ay plug th* barriere, of a control problea 
which it far from certain in my Bind at leaet, of the treat- 
ment of a large plant with a very corrosive gae, 

;« , , • :■ vSV*? v - / " - 

In oontraef for the centrifuge, there is no bar- 
rier problea; the vacuus problea ie auoh leaa, th* pi pea are 
longer but of waller disaster, and'henoe leak a are auoh more 
eaelly qorraotedj there li no duet problea; there la no 
stabilisation problea with fluorine gee; no one to ay knowl- 
edge hat questioned the operablllty of th* plant froei tha 
standpoint of control pro Discs, The teal problea sec aed to 
have been solved 1$ both types of plante. It seeee that we 
will not know aany of our probleae on.g-35 until the ald/ilc 
of tha euacnec when perhapc pilot plante will b# in operation. 

^^v r ^:"'->; 3 # ^In yaw letter to (Jane ral Orovee, you state 
that you war* not surprized at »he excellent reaulta neourad ' 
at Bay way ,■ aa yon had always eeeuaed tha Instrument would/ 
work auoh the way aa has been deaonstrated. This la a oon- 
olueion which I cclleve none of the aen working oloee with it 
were willing to accept until tha expert aantt deaon st rated it. 
Two a treaas of gaa have to flow counter current to each other 
In tha bowl, and though the theory indicated that th;e would 
coour, w* were cot aura that disturbing influence* aigbt not 
aaapletely upset thea. I believe only the expert aen te havej,. 
shown tMa with a clarity that aade any action in regard to 
tha centrifuge possible, X cannot underatand why you thin»>\*j 
that tha experimental demon strati an of this thing la not an 
iaportant consideration in thie problea, •* e * 



A year and a half ago you aeeaed to have; ©on-,;* 
i eluded that the oeatrifuga projeot wae out. It was alao my 
; reeling at that tlae that tha centrifuge had little chance, 
but what I have observed to have happened in th* laet year 
and a half is this: the "centrifuge has proved to b* no wore* 
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thJUT^™wls foreseen to ba two /ears ago. The pilot plant 
with lta teals ha e been operated and worfce within about &0% 
of theory. The plant ha a increased somewhat in size because 
of aft acceptance of a" lower peripheral speed with the uae of 
aluminum and because the ooerifloient of diffusion is less 
than we estimated it to be two years ago, but otherwise nothing 
has changed in regard to the difficulties of the centrifuge. 
On the other hand, the problems of the diffusion method have 
steadily Increased in complexity and number over that time, 
and hence what was a reasonable conclusion a year and a half 
ago, does not seem to me to he at all reasonable at the present 
time. Had I felt sure that the experiments now carried out 
at Baywfty were possible, I wbuld have pushed the centrifuge 
with the greatest effort I could command* 



Very sincerely, 



Harold C. Urey 
Director of Research 



/#1 Or. > J, ■ B. Conant 
42 General L. R. Groves 
#3 H. C. Urey file 
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Brig.CrftnereJ. L. R. drove a 
P.O. box 26lO 
aaanin^ton , >. C. 

Dear Sen.ral Groves: 

In aco i.'dp^i' with Jr. ^ ;nant'i L t* r t j aeuibers 
of the i-1 S^u^ittcL , 1:. whlci: h« t^ctr.a:.- 1 1 3 y 3 r . tt£r to 
nia relative to p. letter whlc* I have writt.n u you In re- 
gard to th* centrifuge uetr.^d, I win; ^ L~*e the following 
orient a: 

1. You asked for Dr. C-nfrt's views on t.e feasibi- 
lity of the Oc-ntrifu^e ^rocejt frj 3 scientific standpoint , 
and Dr. Con ant has eficed tne ir*n>berF of t,he committee to 
prepo their pinions to you. The e*r**rl t t a nt6 conducted at 
the University of yir&LIe and at Say way , shcu that 300,000 
feet of centrifuge o* the tyre used at t op e e laboratories, 
will separate one kilogram of £n in. ~*C-i conoentratl m per 
day, and will r**eet ur«niun frr whicn half of the 25 hag 
been removed. «f nc /« ex]»rcf ed ouinijr a lr. re t n t >l to various 
phase* of tnia pro J rot. 00 n»any ^i^eB, f;.°t perhapti the im- 
presaion nae j»en given thst # r.*re lp nevr a demonstrable 
scientific fact in connection wl tn the wUolfc pro ra-a. I 
believe the statement above la a scientific . act tnot has 
been demonat v& ted, and la n) lonter en' Ject to opinion. 

The problems of the c?r.trlfu,.e are engineering 
ones. Can 30,000 ten-foot bowx a be constructed and operated? 
In how 1 ->ng a tijn« car. this ^e cone? And at what coet and 
with what tannDw^r? Tne Ve,t'n^h)jae engine ra with their 
long experience in ^anux acturlr high q^eet* . p^.hinery which 
♦ suet run aterolly ant reliably should c at .e to f-nswer 

thefae que ati a. h. 

2. I wish to C'- ent u or. your c 4 *^ t ^.uent. a (a) 
ar.d (t) of ; cr i I ft *r to Di . * « J .e .*~t t ;t t!.e 3-1 
Cort*.;al tt ee hai -i*>v r r»«c nic J ifc c ; w> I 1 e 1. n it a posi- 
tive proof t.rt • :tj n.ull . t .* . * i.r «-*r.IeJ it, or tnat 
they sh3ul^ njt , *o new. It ,.y vji.il »r. t:.at ou^ c 3^1 it tee 
has never bt -n 3 e crlMci t.*c X-'," priji. 't, .'or ®JU*3pL® f 

at any tiu.e it u ^ccn of t.i • c e 1 fu. - ro.'.ct. I telleve . 
tne r.bSv.it 'Oi ...tij-wx i^^i , T::v .lif '1 i-.^tl-is 0." the 
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^entrifuge were ^rfewt^y cie^n-out definite from the 
very be^i/LiUr.^, Tney cbvl ..ue to ua aii., ar*d without 

definite an ewers on the feasibility -)f api^nln^ the centrifu^a 
and of aAintslr.i.v tis countercu t« it flow fro-: the c atrlTuije, 
r.o definite r -c jc« en «c tl>r. . -)?^iMe up to :ne pre* ent tin*. 
However, til* c«nt rif u^r i.as now b^en operate euccpsEfuil y 
*u*.d ita problen.9 o».v tr to be no greater t;:an they did two 
years ago. On trie otr.'r .-<nl, olh*r ietftxL-; ..^vt revealed 
themselves to be far xorc .complex and dUfiouit than they were 
thou^nt to be tnen. 

I do not reoall that I hove ever learned what your 
time 3 i««tt for any of tnese : rejects ?3.y be. My own idea" 
has been that anything not provuci^ ?5 by the autumn of 19^ 
la of little Interest for tne present war. It would seem to 
me that sois . could re ;roducel by the centrifuge plant by 
that tice, < nd that the time f» ati.-nat e 9 on the centrifuge plant 
can bt rr.&da with far xure consider, :e than can any cuch esti- 
mates for the diffusion plant. However, the only worthwhile 
opinion along trla line c>ull be rr.pde by a cowlttee aft*r 
It had studied all time sc'i-dules mji-e car- fully. 

3. I oan thin* if tne following courses of action 
in regard to th£ centrifuge lev*. J opment; 

a. The centrifuge cou-d 3 usee to** the top of a 
combination diffusion-centrifuge plant, I do not 
subscribe to fchls bU^est! on. 

« 

b. The centrifui.-- , lant ouli be ruu ^s another under- 
taking undor hanhttttn District, ^erallel with present 
projects. I would not be in fav >r of this. 

c # The centrifuge ^lant cxla be eubatltuted for the 
diffusion or ele itroiua^na tic t X belle /e I 
aa well enough Informed in regard to the electro- 
magnetic plant to conclude that it ihould go forward 
and be- complet-J. The * o* tflbilily wnlch I do see 
x la the fubatltii ti ai of th- s^nt/if u L e plant for the 

diffusion plant. I ahoi*ld Hie to au tf /ett that a 
committee b# asked to stu^y this possibility. Also, 
I would suggest that th^ committee inc)uae in its 
•Lsruberahlp the principals of all the present separa- 
tion projeota. Particularly, tai^ oorwcittee should 
study critically, ti*.»e schedules the X-25 « roject 
as oonparod with wch schedule a for the centrifuge 
plant. This committee should also ettlarte the 
eff act vt possible difficulties ahead oa nesting tima 
acheduloa for both plants. Also the poraibility of 
using tha ftoilltieu bit?, of tnc 1 .«.nu2" *2 turlng and 
plant sites already built or designed for t] 
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I z € you T.y v'ev/c re- 



ve . een 1 '.wicc-te 



?".f \.r : recni rs'-ori; 
D.'X the barrier pr.tle:. In 
be In £ 'iolved. ? ,1 lor-i^i* ..a. e ..' ve teen relying 
oi. : V* s reject T-»«/ily 4 Le 4 . as ft*: -.^e th't ve nhall 
still h^ve na f newer •+ .. on tils or 6 .. jn*hs fro.i .no v. 
Wouii p a-t t.tite .-s: t..e*. ,e c -irisldere'l? Zt I'.ie 
"n£*»er is yes, I LM.nk *e .aid certainly :;i , cceed now 
"izh runner si- les >f * ce -.trif *• * Ion - the lines 



1 



ee. *t" live f n?ver is no, in 



otiier vordc yoa ;.»->.nk ihrt the w r r vii^ x e r/er be- 
fore • «*aj.-»t it «l# .,6u..c! jo ild e rr j i~ht into oroductlon, 
then I "iO .l-jt gee ok the _rec:.ve winder which you sre 
vorXinc * > il ' *x tlfy * ny farther e> te us Ion of the centri- 
fi fe *e project t IMi tir.e. 

Si*:ceielv yours, 

Lyr~ n J. ^ri s, Oiractor. 



locy :o Dr. Count. 




u eiitiou of t*« 
aaraot le ma uaaa 



4o1 



,tloo 



,.^J Hfioa It 



»• vital b «• »*- 



metallurgical laboratory 



" • ^rmwi amisre / page 



Or* J«aao 9* Conaot 
1530 P 3troat, M. «. 
aahincton, D. 0* 




Raalytng ba 
roaara to tht 

tha axparlaaa 
of thii prof 
thai ttvia proaad 
•aatbada nov undo* 
ragayd U tha praotl 




fat a ftatamaot of ajr aoiajfoa with 



aaa jtona •mfflalaa* i# oatabUafc tot faaaibtUt* 

r an, h a ao a ar » aaabtful villi 
eaha4ala« mi aoam a plant 



tba qaaatiaar of iha 
taa ffcttortf (1) ssOl oUiar 
bafaro a aantrlfUfa pi tut aa®. bi 
oiliar aataoda are not aancaaafnl 

^ J*^Ln^®a^J(p* annV^n^O®®^ n)n) Jplnf^CMwxtli^^n®^^ to^^p-n^nl^r^a^ ^®®^®f^ ^K/^Bf 




35 or Ua a*ji*«a2atti 
as* (2) if t** 
naiarial, amll in* 
&*iaft«& fallaa- 




11m labia* <t*aaUa» Jmrnlva® oatlnafraafaf" tna nUliaxy aHuaMaa 
whioh I aa uoablo to aapptr* ^ lwaajtf «a>ta* Hrri ojaaaUoa* it 
fcuuia now ippaar arabcaU Hall bat* IIM MI a** th® XV* 
ba i® pradaatia® bafarn U» aantoiftta* plant ana aa b* It, Tmia 
truo of in* MS ant®®®* if lb* taainnlaal prwkU— tml^ » . * if* la 
now faaad aaa ba avatari— • FriruHag villi ta*> ■rnrnli » a. a 
plana aayJUl aeaatraiafljr ropraaa®® inaaranoa aajatet ilia t «*Unr® af lb® T 
thra® pr a a a d ura® nav ,1a aatA ft ®ft& fat aa pwajafi for toa aantrtftt*® 
antnai la faapata ail*. tanjur* to Oat aa***!**®* Uiny mi aojaaaJing 

®J0a^B®®®^®\X^®^®' ^fcC n®)®®9 ^^o®®^^®^ ^a^JT^^i ^ £fc®fft£fe4vM^v$ Ja^f ^vn^^PaP^a^ ^BP^ ^fc®a^£&^B^9®^v®®®v>3^ 

rata**®® by toahnlaal or otbar <tfftt%It±#», 



* 



Uaoald aoaorajjaaly ba a* Jadanan* thai im Uta Lnbaraat af obtain- 
i»a a orajBifc amola of 2ft mt liJt aaa£aalaalL va> abaailJI mI HMiaaaak« iho 

lurt litBLtaj a aaaajriA^pl jaj^4ia)%iaai .a^aaA ta|% a baa ja l tajibat* ooa~ 
•asiraia oar t aatial aal aa4 aaiaaiifUl aff a yla aaaaj taa irMail iti rm af 
tlia aatttido alraaaw > la haajaV > * 

^^^^ ^^^^^^ ^^^^^ ^^^p^^^v ^^^^^^^^ ^jy ^^^^^^ ^^^^^^^^w^^w^P 

Toajra vary ipv^j% 

^ yy 



rr 

eoi UK. (Varaa 

at^^ aX a^hllPJ^JHa^^a^aa^ 




w of 
or 'ho ie* 



'* -. txaaiaLsioa 
ancr to an* 



Jt prohibitad by law. 



I 



AOOKUS M«.» ro 

CHttT Of CNGINECRS U S ARMY 
WASMIMSTO* 0 C 




THIS OOCU«MT CONSISTS OP .J... PAGE 

b Of corns, swuts . .<4. 



WAR DEPARTMENT 



OFFICE OF THt CHIEF OF ENGINEERS 
WASHINGTON 



:r. J*; * • tt^totnt, 

X «ri r*a* r*a* v*| l#t,t*r# fr*. of ***J*r« 

of tha ..-1 Cok»UW# •a-raaajjuc thai* vi*«» oa lia vonvJu^f 
r^r**, *Ha jw^r^i tr«f*t of ti *Jur »tAt«r*#ata **k» t >i*a 
c].>«r I it v*3«r <3tiT uir**!*.** ria furUnar axtaaalaai of t£a 
cwncrlfn^a ra„»*;l <a J**tifl*3 «% tM* Una. t*» v Ufc»r*nca *rx! 
• r. Oct tea ^tv* «*c*iuiat claarvui mid *C % * aifcuaMeai 

U>. U*r»*«a) *Tfca U. • 1* <**UJ&m? la «r» 

.UttrffcraVa U\U of Daaa** 93 taCica*^ U^l 
sivi «U liidl a tta ^rlii la ti* aatauu^va 
raaautgi *att aaralef* <u* rark H «t li U 

«mI for *t*Jt * pra et t « ««nlsrUW« ?l»*t co*Ca» 
art u*ili ,**t ^ruiicm «wa 

\iT* Co*; tea) Vi**a#aa£ttf 1 • *raet't*i of ii* 
ctntr.fv^a ?la*t »au24 mm« r^ljr ■ tmX Utr 
2ui*m* sQkLnit • . - iura of * • t r»a proaadtr** 
n«*a la ^jwstf.* 



• i fr» L. J # . v r $ga 15 



*• 



THE IONIC CENTRIFUGE 



ttork on an Electromagnetic Isotope Separator 
Carried on at the University of California 
Radiation Laboratory, January 1, 1%2, to 

December 31, 1942 

Report 



J. Slepian 



I . Introduction 



. At the invitation of Dr. Lawrence, I joined the group 
working on electromagnetic methods of isotope separation st Berkeley, 
at the beginning of 1942, serving as O.S.R.D. consultant. At the 
same time, ray assistant, Dr. V>. M. Brubaker, on leave of absence from 
Meetinghouse Research Laboratories, joined the staff at the Radiation 
Laboratory, and carried on experimental *ork under my general direction 
during the year 1942. Such additional assistance as was needed during 
the activity Ma always generously provided, and the group continuously 
engaged on this ionic centrifuge project consisted, at its maximum, of 



five men 



ftork on this subject was continued at the ftestinghouse 




Research Laboratories after December 31, 1942, with the further develop- 
ment of the basic ideas. This report, however, limits itself to the 
work done at Berkeley, and as far as possible, will discuss the results 
obtained in terms of the ideas which were held at that time. 



II. Gener al B- s is for , Superior ity o f Electroma aoetic J-tetJ^od. 

Since the only feature distinguishing iJsn* isotope is its 
mass, and since mass, m, is defined only by the relation, me « Force, 
where a is acceleration, or what comes to the sajne thing ) « kinetic 

energy, 'jflfhere \J is velocity of particle, it seemed plausible that those 
methods of isotope separation would be most effective which give a ler^e 
value to the kinetic energy of the particle. But large relative to 
what? Study convinced me that it was the ratio of the ordered kinetic 
energy of the particle to its random or thermal energy which was the 
significant factor. I was led to believe that the expression 



e = e 



would give the magnitude of enrichment attainable in a process where ^ is 
the fractional difference in mass of the isotopes being considered, £>a\J is 
the "ordered" kinetic energy, or the kinetic energy ascribed to the average 
velocity of the particle, ~ £T is the "random" kinetic energy or "thermal" 
kinetic energy, or the kinetic energy ascribed to the instantaneous 
differences between the actual velocities of a particle, and that of a 
particle undergoing only the average motion, and finally, where a is a 
constant of the order of magnitude of unity- . 

The formula above may be illustrated by the mechanical centri- 
fuge. Let be the peripheral velocity at the outer radius K , then the 
above formula (l) will give ^ , ^j 1 - 

(2) e - £ 



for the enrichment at the periphery over that at the center. 



- 3 - 



On the other hand, the centrifugal force on a particle at 

la 

radius V" is *W\ y > fin d the integral of the centrifugal force, 

\»l ~ (\ w\£ i v^J X Hence, by Boltzmenn' s relation, 

(3) e s € *i , e " T 



The formula may also be readily il Lustra tea by the magnetic 
mass spectroscope. 

Now by purely mechanical or thermal processes, including 
diffusion, it is possible to give particles ordered kinetic energies of 
the same order of magnitude ns the random or thermal energy. But if the 
particles can be charged electrically, then ?;ith electric ^nd magnetic 
fields it is possible to give the particles ordered energies thousands of 
times as large as the random or thermal energies. Hence it would seem that 
the electromagnetic method of separation should be superior to all others, 
provided the cost is not too great for producing quantities of ions at 
low random or thermal energies. 



III. Production of Ions at Electrodes of a Vacuum Arc 



I had known for some time that the vapor issuing from the 

cathode spot of an arc between met^l electrodes drawn in a vacuum is in 

a highly energetic state, and therefore probably nearly one hundred per 

cent ionized. See the following references: 

R. Tanberg, Phys. Rev. 35, 1080, 1930 
E. kpbel " M 36, 1636, 1930 
R. C. Meson & V. E. Berkey, Phys. Rev. 38, 9/* 3, 1931 



op;. at v 



Thus it seemed th>< t so simple i structure as a pair of 
uranium electrodes carrying an electric nrc would be a copious source of 
uranium ions. Calculations b^sed on earlier data *ith copper arcs indi- 
cated thit the power cost would be of the order of 100 kw hrs. per 
kilogram of ions. 

A large part of the time in 194.2 was spent in trying to realize 
this simple ion source. 



IV. 1942 Theory of the Ionic Centrifuge 

To cooperate with the ion source described above, which would 
be essentially a point source of ions, I conceived the cylindrically 
symmetrical ionic centrifuge. Before describing this conception in more 
detail, let us review the motion which a charged particle would aceuire, 
which originates at a centrsl point with a small initial velocity, and is 
subjected to a cylindrically symmetrical radial electric f ield, E \f J with 
potential , and an axial magnetic field h . The nature of the motion 
comes out at once by the simple application of the principles of the 
conservation of angular momentum, and the conservation of energy. 



The first principle gives 



Integrating, and assuming that the particle starts at 0 , 



The circumferential velocity is then independent of the 
electric field end depends only on the radius T.hich the particle hps 
reached. The particles after leaving the origin ffccuire sn angular 
velocity U)u - **~ «■ — about the central axis, which is constant, 
f .nd which we call the Larmor angular velocity. Thus the swarm of ions 
leaving the central point hps a velocity distribution with a constant 
curl or rotation, similar in this respect to the velocity distribution of 
the points of a rotating rigid body. If the radial velocities of the 
ions are kept small, as was expected to be realized, then the motions of 
the ions will be very similar to the motions of the molecules of the gas 
in a mechanical centrifuge, and thus the name ionic centrifuge was suggested. 
However, with readily obtainable magnetic fields, the Larmor rotational 
velocity for the uranium ion is 30,000 r.p.s. or more, with radius of the 
order of a foot or more, whereas with the me.-hanical centrifuge, 30,000 
r.p.ra. is barely attainable with such a radius, 

Ihe energy of the circumferential motion is 

It) **-**T v = -eV L 

where we call the Larmor Potential. For the uranium ion, 

(7) V L r V* t*" H in kilogauss, r in cm. 

For an electron the Larmor Potential will be (650)^ times as large, but 
of course of opposite sign. 

The principle of energy gives us, if we neglect the initial 



- 6 - 



StCRtl 



energy at the origin, 

( 8 ) -f v< -y -L^vJi = -eV 

HI 

where V is the electric potential at the point reached by the ion, the 
potential at the origin being zero. This gives 



(9) = 



Thus the particle can go out only if V ' (negative) exceeds 
numerically \J^(also negative). If the initial velocity of the ion is not 
zero, but - &\)v> then (9) becomes 



(10) 



-V A. V\ 



The effect of the initial velocity is as if the Larmor Potential of the ion 
were reduced (numerically) by the energy equivalent of the initial velocity. 

Concerning the axial motion of the ions, it is clear from the 
disposition of the axial magnetic field and radial electric field, that each 
ion leaving the ion source will retain unchanged whatever initial axial 
velocity it had at the source. Thus, there will be a diffusion of the ions 
to the axially bounding electrodes of the centrifuge, and this diffusion 
rate will be independent of the radial electric fields which are impressed. 

Suppose, now, that in an ionic centrifuge, that is a cylin- 
drically symmetrical vacuum vessel with a point ion source on its axis, the 
radial electric field is kept above the Larmor field up to a certain radius, 
R, and is less than the Larmor Potential beyond this radius. Then if the 



individual ions follow paths given by equations (6) and (10), they will go 
out in spirals up to the radius R. Then, retaining the Larmor angular • 
velocity y they will spiral back toward the center. At any particular radius 



/ 




there will be ions moving outwards and others moving inv.ards, the radial 
velocities being given by the excess of the space potential over the ^ 
Larmor Potential. 

The density of the ions % ill be inversely as r times the 
radial velocity, and therefore under these conditions the density will be 
least where the potential numerically exceeds the Larmor Potential the 
most. It will become very large, or infinite, at the boundary R, where the 
potential equals the Larmor, but beyond R, where the potential is less than 
the Larmor, the density will be zero. This distribution of density will be 
reflected in the deposit of ions on the axially bounding electrodes of the 
centrifuge. Thus, to obtain a particular desired distribution of deposit 
on the axially bounding electrodes, this peculiar control of the space 
potential would be necessary. To get any deposit at all at sny particular 
radius, the potential would need to exceed the Larmor. Then if the deposit 
was greater than desired, the space potential would need to be increased gs^tiygl 
If the deposit was less than desired, the space potential would need to be ■ 



decreased. 



All of the preceding conclusions are based on the assumption 



that each ion moves in the existing magnetic and average electric fields, 
as if it were alone, and uninfluenced by the presence and motion of the 
other ions. However, the peculiar phenomena observed at high beam intensities 
in the Calutron and Magnetron, made me believe that this woujld not be true 
at the densities expected in the Ionic Centrifuge. I looked for en inter- 
action between ions, of some sort. This interaction would not consist of 



- 3 - 



direct collisions in the sense of kinetic theory, because the expected 
density of ions was too low to expect such kinetic theory collisions to 
take place. Nevertheless I expected interactions of some sort with 
similar effects. That is, I believed tha t a beam of ions, passing through 
a cloud of stationary ions, would be ouickly scattered. I was strengthened 
in my belief by the known facts concerning the motion of electrons in a 
plasma. Langmuir(^) had observed that a beam of electrons projected into 
a plasma is scattered into a Maxwellian velocity distribution in an ex- 
traordinarily short distance. Others have verified this end further 



1. I. Langmuir, Phys. Review 26, 585 (1925) 



investigated the subject. 



2. See R. Rompe and M. Steenbeck, Ergebnisse d. Exacten V.iss. V.18, 
pp. 257 - 376, (1939) 



Let us now, therefore, see what we enn learn from ecuations 
(6) to (10) if we now assume that ions moving relative to one another inter- 
act, exchanging momentum and energy. 

We first see that the circumferential velocity of the ions will 
be unchanged by the ion-ion interaction. For the -circumferential velocities 
of the ions are all the sama at any point, whether the ions are moving 
radially outwards or inwards. Hence, interaction should have no influence 
on the mean circumferential velocities. 



+ 



However, according to equations (9) or (10), at any point there 
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will be two r&dial velocities. Approximately one-half the ions vill be 
moving outwardly and the other half inwardly with the redial velocity 
given by (9). With ion-ion interaction, such as I expected, these two 
radial velocities will be very largely converted into a Maxwellian dis- 
tribution of velocities with the same mean square value. 

Thus the picture of the ion motion becomes changed as far as 
the radial motion is concerned. V.hile the ion cloud or swarm continues to 
rotate with the constant Larmor angular velocity, the radial distribution 
of the ions is governed more by diffusion of ions under Maxwellian radial 
velocity distributions, than by the motion of two oppositely directed beems 
of ions with velocities given by (9). If a rather complete Maxwellian 
r?dial velocity distribution is obtained, then the radial distribution of 
density of the ions should be governed by a Boltzmann relation, 

(ii) n - £ 

In any c?-se, the density should now be greatest where the 
potential exceeds the Larmor potential the most. To obtain a particular 
desired distribution of deposit on the axially bounding electrodes, the 
electric field should be controlled in this way: when the deposit is less 
than desired, the potential should be increased in magnitude; when the 
deposit is greater than desired, the potential should be decreased . 

So far we have not spoken of the motion of the electrons which 
will need to be present to neutralize most of the space charge of the ions. 
Actually, these electrons will have a density closely equal to the density 
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of the ions, the two densities differing only by the small amount necessary 
to give the small charge density called for by the divergence of the Lsrmor 
field. It was expected that these electrons would be supplied by secondary 
emission from the axially bounding electrodes of the centrifuge. 

In a crossed constant electric and magnetic field, it is well 
known that an electron will move in a direction at right angles to the two,, 
fields, and with a mean velocity given by E/H. It is clear thfit with this * 
velocity, the magnetic reaction balances the electrical force eE. 

Superposed on this motion will be a motion in a circle with frequency --— , 
the resonant frequency of the electron in the magnetic field. If the energy 
of the electron is small, this circle will be of small radius. 

In the moderate radial electric field of the ionic centrifuge, 
the electron will move with this velocity E/H in a circular path, about the 
axis of the centrifuge. At the Lannor field of the ion, this velocity will 
be one-half the Larmor circumferential velocity of the ion, and in the same 
direction. The small mass of the electron makes the centrifugal force on 
the electron in this circular orbit negligible • Superposed on this motion , 
of the electron will be a motion in a very ^small circle with the resonant 
frequency of the electron. These results may be deduced more exactly 
directly from the equations of motion of the electron. 

Thus the space-charge reducing electrons in the ionic centrifuge 
will go around in circles, with zero net radial velocity, provided the 
electrons do not interact or make collisions with other particles. Of course, 
in the actual centrifuge, the electrons will make collisions with the 
molecules of the residual gas, and this will cause the electrons to have a 
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finite radial velocity. This velocity may be readily estimated. Consider 
an electron in a crossed const?. nt electric field E, and magnetic field H, 
and in a gas in which its mobility is ^ . fie readily calculate that its 
velocity in the direction of the electric field is given by 

I 

where E is in volts/cm., H in gauss, > j nd K in cm. /sec. per Volt. /cm. At 
the residual vacuum expected, is about 10^, E is of the order of 100, 
and H, 5000, This will give V - 4 cm. /sec. This is infinitesimal compared 
with the radial velocity of the ion, about 10^ cm. per sec. Thus the 
radial current inward of the space charge neutralizing electrons will be 
an extremely small fraction of the ion current. 

We are now ready to discuss the expected operation of the ionic 
centrifuge. As already indicated, and as illustrated in Figure 1 , the 
ionic centrifuge is a cylindrical vacuum tank in an axial magnetic field. 
In the axis of the tank is an arc source of uranium ions. At each axial 
boundary of the vacuum space is a nest of concentric flat ring electrodes, 
which can be energized electrically as desired. The outer rr.dius of the 
vacuum space is bounded by a metallic cylinder, which can also be energized 
electrically as desired. 

fihat will happen if we raise the potential of say the first 
end rings negatively, relative to the arc, but keep the other rings at zero 
potential? There will be a small electron emission from these first rings, 
photoelectric or otherwise. These electrons will flow out into the space 
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opposite the first rings, and because of the very small radial mobility of 
the electron, will raise the potential of this space negatively. Of course, 
this space potential cannot become more negative than the rings, for then 
the electrons will flow freely axially back to the rings. How closely the 
space will follow the negative potential of the rings will depend on the 
intensity of the electron emission from the rings, tut in any esse the 
potential of the space will rise negatively with the rings. 

Until the space potential at the inner edge of the rings reaches 
the Larmor Potential, according to the theory just given, no ions from the 
arc will reach the rings. The current from the rings will then be just the 
small electron emission current from them or less. V.hen, however, the space 
potential becomes greater than the Larmor, ions from the arc will reach the 
rings and the current taken by the rings may be expected to rise sharply. 
The ions will not pass beyond the first rings because the space potential is 
less than the l»armor there. As the first rings are raised negatively high 
above the Larmor Potential, all the ions emitted from the arc should reach 
these rings, and the current to these rings should show saturation, but 
modified somewhat by the small electron drift current. 

Now suppose additional rings are raised in potential, negatively 
above their Larmor Potential. Then they will share in the ion current 
emitted by the arc. The distribution of current to the rings will be 
determined by the potentials of the rings. In general, those rings whose 
potentials exceed their Larmor Potential by the greatest amount will receive 
the larger fraction of the ions. 

However, because of the diffusive character of the radial ion 
flow, the inner rings will be favored over the outer rings. For example, 



- 13 - 



to obtain a uniform density of ion current to the excited rings, the outer 
rings would need to exceed their Lermor Potential by a little more then for 
the inner rings. 

Now suppose, for example, that the rin^s up to a certain radius 
are controlled by suitable circuits so that the current density received by 
the rings is the ssme for all the excited rings. Suppose also that this 
current density is chosen so that the total current which this current 
density corresponds to, is somewhat less th*n the ion emission current of 
the arc. Suppose now, also, that the ions emitted by the arc consist of 
two isotopes. Then if a space potential is considerably above the Larmor 
Potential for the heavier ion, it will be much less above the Larmor Potential 
for the other ion. Thus with the given space potential distribution near 
the Larmor Potential, the ion-current distribution to the excited rings will 
be very different for the two isotopes. , 

If the Maxwellian radial velocity distribution is sufficiently 
well developed so that we may use the Boltzmann relation (11) for the radial 
density distribution of the one ion, the radial density distribution for the 
other isotope ion of mass V* - Vv-V^V*, and Larmor Potential ' v l u L 



will be 



(13) V* r * 



leading to 



(u) v\'/*£ - £ 



vcr 



Thus the degree of enhancement or isotope enrichment which will 
be obtained will depend on how small could be kept relative to e Ay , 



ctf> 



- H - 



It was believed that would be of the same order as 

given by equation (9) so that by keeping V close to V^, K\ would be kept 
small. The manner of electrical excitation described above should ensure 
that V-V^ should be small, since just enough potential would be applied to 
the rings to bring the ions out at the desired density, end higher potentials 
than necessary would not be used because the total current demanded was less 
than the saturation current from the ion source. 

It was hoped that could be made so small as to be ecu&l 
to — -e f in which case the enhancement would be 



(15) 



which would be a large enough effect to make the ionic centrifuge a very 
superior device. 

I must emphasize in this closing paragraph of this section, that 
the theory given above Is the theory as developed in the first half of 1942. 
The results talked about are the expected results, and not the actual results 
obtained in the experiments finally made on an actual centrifuge tested in 
the last months of 1942, which will be described in later sections. 



V. Expected Superiority of the Ionic Centrifuge over other Electromagnetic 
Devices. 

The Ionic Centrifuge was expected to be superior to other 
electromagnetic separation methods in the following respects. 

1. The ion cource is of supreme simplicity, and was expected to 
give an enormous yield at high efficiency. These expectations were based on 



previous experience with copper arcs in high vecuum. 
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Actually, as is described in P later section, difficulty was 
experienced due to the instability of the arc using uranium electrodes. 
This difficulty was only pertly overcome during 1942. I might say, here, 
that this difficulty was completely overcome in later work at frestinghouse, 
where simple arc-ion sources giving many amperes of uranium ions at high 
efficiency, are in regular use. 

2. As used in the ionic centrifuge, the ions are not drawn from 
the arc and immediately accelerated to high kinetic energies. The acquiring 
of high kinetic energy is done over a considerable distance, and without 
intervening electrode structure. Thus, no complicated, and rapidly dis- 
integrating, accelerating electrodes close to the arc are used. 

3. In the Ionic Centrifuge, the complete radial output of the 
arc-ion source is used. In other devices, such as the Calutron, the output 

is limited to what may be drawn thJlgh a slit embracing a very small fraction 
of 360 degrees about the arc. 

4.. In the Ionic Centrifuge there is no focussing in the sense 
as is done in the Calutron or Isotron. The separating effect is permitted 
to take place at all radii, and throughout the vacuum space. There is thus 
no high concentration of ions piled up at a receiving slit (Calutron) or 
receiving plane (Isotron) where intensified interaction effects might be 
expected to limit the yield at which the device operates properly. 

5. The Ionic Centrifuge is expected to operate even with ion- 
ion interaction. Such interaction would make the Calutron, and perhaps the 



Isotron, inoperative. 

6. The Ionic Centrifuge was expected to operate at a much lower 
enhancement ( of the order of 2) than the Calutron, but at a much lower 
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voltage, that is, at a few hundred volts as against ir.ore than 15,000. At 
the same time, the drain, or current taken by the power source was expected 
to be the seme cs the current of ions separated, whereas for the Celutron 
this drain whs more than ten tiroes the ion beam current. Thus the electrical 
po^er requirements for the Ionic Centrifuge per unit effect were expected to 
be much smaller then for the Calutrcn. 

The lower voltage used by the Ionic Centrifuge, with greatly- 
reduced sputtering effects, also would h*>ve many other advantages. At the 
lower voltage, the cost of power is very much lower per kilowatts than at 
the higher voltage. Also the electrodes used v.ould have an extremely long 
life, and the recovery of the material would be very much easier. 

7. The control of the ionic centrifuge was expected to be very 
much easier than for the Calutron or Isotron. Simple constant current 
currents were to be used, with the potentials inherently automatically 
adjusting themselves to the proper values by the intrinsic properties of 
the Ionic Centrifuge itself. 

8. The ion source in the ionic centrifuge was expected to be of 
very high intensity. At the same time, since interaction betv een ions Is 
permitted in the ionic centrifuge, in fact is expected, it was believed that 
the ionic centrifuge would operate with very large yield. 

9. The chemistry of the ionic centrifuge was expected to be very 
simple. The deposit would be in the form of the metal or oxide, which would 
be stable and non-corrosive. 

10. Let me emphasize that the analysis in this section is as it 



looked in 1942. 
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V. Experimental Development of the Arc Ion Source 

The ion source in the Ionic Centrifuge w«»s expected to be simply 
an arc drawn between two uranium electrodes in the axis.. Almost at once, 
as soon as we attempted to put this idea into practice, we ran into diffi- 
culties due to the instability of the arc, 

I was aware th^t arcs between metallic electrodes in va cuum 
were extremely unstable with only a few amperes, but my past experience 
had indicated that there should be no difficulty when more than ten or 
twenty amperes were used. However, my previous experience had not in- 
cluded arcs at such high vacuua as we were now using, and also my previous 
experience involved arcs of short time duration as in vacuum switches. 

In February, 194-£> our experiments with uranium electrodes 
^-uickly revealed the seriousness of this instability. 

Starting with a pair of electrodes which had been exposed to 
the atmosphere, and after pumping down to a high vacuum, a five ampere arc 
in a HO volt d.c. circuit could be readily drawn. It would burn for ten 
or twenty seconds, and then would go out. It could then be restruck, and 
after a few seconds would again go out. After a few such restrikings, the 
arc became so unstable that it would go out immediately after being drawn. 
The oscilloscope indicated that the arc would bum only a few thousandths 
of -a second after being drawn. If the electrodes were exposed to the air 
again for a few hours, the initial rather limited arc stability would be 
again evident, but soon it was lost again. 



Going to higher current, or a higher voltage circuit, made 
little change in the performance. The initial arc stability lasted a 




little longer perheps, but soon again arcs of only extremely short duration 
could be drawn. A large reactor in the circuit did not help. The high 
voltage, (10,000 to 20,000 volts) developed across the reactor when the 
arc went out, indicated the hopelessness of this direction of attack. 

The effect of decree of vacuum on the arc stability wes studied. 
In helium the arc remained unstable up to 0.2 mm. pressure, but in air it 
became quite stable at 0.1 mm. This seemed to be too high a pressure for 
proper operation in an ionic centrifuge. 

At first it was thought that this greet instability of the arc 
was a peculiar property of pure uranium metal. However, a few tests 
showed that copper and iron also showed this instability under similar 
circumstances . 



It was noted that while complete stability was not obtained with 
air at pressures below .01 mm., nevertheless the duration of the arcing 
period after each electrode separation was increased by the presence of a 
little air or oxygen. Experiment indicated th?t with a few microns of 
oxygen, the arc duration would be .05 seconds or more. This suggested a 
vibrating contact arc in the presence of a small amount of oxygen. 

A vibrating arrangement was therefore made whereby electrodes 
could be put into contact and withdrawn about thirty times a second. One 
electrode was made of carbon with a hole drilled into it lengthwise, 
through which oxygen could be leaked at a slow rate. The other electrode 
was, of course, uranium metal. With this structure, and with an oxygen 
pressure of one or two microns, the arc would burn through most of the 
l/60 of a second open period duration of the vibrating contacts. An 



- 19 - 



average arc current of one ampere, actually two amperes during the arcing 
period, could be maintained fairly steadily. Currents to surrounding 
negatively charged electrodes in the vacuum vessel of more than 20 m.a. 
were observed, indicating that the ion emission was of this magnitude. The 
polarity of the arc did not make much difference. 

All these experiments were made with no magnetic field impressed 
When finally the 37" cyclotron magnet became available for a f e> days test 
and collection run, it was found that in the magnetic field the arc became 
increasingly unstable, the arc burning for only one or two thousandths of 



a second. 



Thus, it became increasingly evident to us that vibrating con- 



tacts were not the practical answer to the arc stability problem. After the 
large ionic centrifuge was built and placed in the fringing field of the 
184 inch cyclotron magnet, most of the summer was spent trying to find other 
ways of making the arc stable. 

A great variety of experiments were tried, using cooperating 
carbon electrodes impregnated with various materials. Also additions of 
various metals were made to the uranium. Results are recorded in the 
laboratory record books, but are too varied and numerous to record here. 
In general these experiments were unsuccessful. 

It had been reported by others on the project that an arc had 
been sucpesofully run in a high vacuum between a thermionic filament cathode 
and a uranium ... anode . A very high ion emission was also reported. Therefore, 
a thermionic cathode was constructed to fit into our ionic centrifuge, and 



# 
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tejts with it «>nd uranium anodes were carried out. 

It was Found, howevor, th^t the ^rc *»s unstable in the high 
vacuum. The arc would be s tarted by introducing hydrogen into the vessel 
until a pressure was ranched at *hich a thermionic arc would start, fthen 
the hydrogen was pumped out, the arc r.ould continue to play for a while, 
but generally, in a very short time, the nrc would go out. V.hile the 
arc lasted, a molten pool would form on the uranium anode, and in this con- 
dition the ion emission was cuite low. 

If a uranium anode was used which h~d previously been exposed 
to the air for a long time, the arc, usually of about 5 amperes, would 
persist for some time, a matter of a few minutes, after the hydrogen was 
pumped out. Then the nrc would terminnte on the anode in s bright small 
spot, with an arc drop of only 13 to 20 volts. Under this condition there 
would be a large ion emission, usually more than 20 and sometimes up to 
200 m.a. But presently a molten pool would form, the ion emission would 
fall to a low value, the arc drop would rise to 70 to 100 volts and then 
the arc would go out. 

As before, permitting a little air or oxygen to enter the tank 
would make the arc more stable, but results were rather erratic in this 



respect. 



Again a large variety of experiments were tried with various 



materials added to the uranium to try to obtain a stable ^rc with large 
ion emission. These are recorded in the laboratory record books. 

The best result was obtained by using a slab of uranium clamped 




to a slsb of uranium oxide, ^.nd placed so that the electron strs^ra from the 
filament flowing parallel to the magnetic field would impinge on the junction 
of the metal and oxide. A bright anode spot would form there, r nd the arc 
drop would be less then twenty volts. A L'-r^e and cuite steady ion emission 
existed in this condition. At a particular anode spot, the ion emission would 
gradually fall and the arc voltage would rise after a considerable number of 
minutes. The filament cathode would then be moved slightly and a new anode 
spot would be formed. The arc current in these experiments was usually five 
amperes and sometimes ten amperes. The ion emission at a fresh anode spot 
would be nearly 100 nun. This type of '->rc was used in ime- various final 
collection runs with the Ionic centrifuge. 
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VI. Experiments with the Ionic Centrifuge 

A small ionic centrifuge which would fit into the 37" 
cyclotron magnet wee constructed in the spring of 194* • Using the vibrat- 
ing type of arc, some observations of its performance i ere made, &nd h 
collection run was also made. 

The results obtained conformed with the theory in some wtys, 
but disagreed violently with it in other *cys. For example, if the inner- 
most ring was held at zero potential, the current to the outer rinp,s would 
stay zero, even though their potentials rere raised to high negative values 
On the otherhand, vhen the inner rings were m^de negative in potential, 
positive (ion) current would flow to rings whose potential was considerably 
less than the Larmor in value. Also, negative (electron) currents vould 
be found flowing in considerable magnitude to some outer rings. 

Some of the samples obtained In the collection, run were re- 



ported by the chemists to be somewhat abnormal in isotopic constitution. 

Hov.ever, at that time, the counting method of analyses, which was used on ' 

these samples was just being developed, and there was much uncertainty es 

to the reliability of these results from the chemists. 

Since the 184." cyclotron magnet was soon to be available with 

> 

a ipeldo under the pole face assigned to us, it seemed best to drop the work 
on the small centrifuge, and to concentrate on the. construction of a large 



centrifuge and its associated circuits, for our further research. 

A sketch of the ionic centrifuge designed by Dr. Brubaker and 
built is shown in Figure 1. Figures 2 and 3 show the location in the 



magnetic field relating to the experimental Calutron. An electronic power 
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pov?r supply 7.: g r.lso designed by Dr. Brubeker, and built, which permitted 
ecntinucurly ^djurtrble voltages to be applied to e^ch of the t*erty-eight 
ring electrodes of the centrifuge. Later, Dr. Bru baker *dded elements to 
the power supply so that it would su pply continuously . £ -d jus V -\ le const' nt 
current to e t( ch of the twenty-eight electrodes. This ppp* ratus bogrn tc. 
be used in the big magnet about the n.iddle of July, 194-2, 

As with the smaller centrifuge, the currents observed flowing 
to ti e various rings «s the voltages v-ere varied , contradicted the theory 
developed in Section IV. 7Tlii le holding the inner rings * t ?ero potential 
would cut off the flow of current from the arc to the outer rings, never- 
theless, current would r^ach the outer rings when they v. ere *t much less 
than their Larmor Potentials provided only that the inner rings v ere >lso 
made negative in potential. 

Quite distressing v c s the f recuent observ 1 ion of negative 
(electron) currents to rings. Fcr e> K7.pl e , if the rings v.ere given a con- 
tinuously rising distribution of potentials, as for example, the Larmcr 
distribution, and then if two adjacent rin^s vere adjusted to the s r me 
potential, the inner ring vould receive positive current, and the outer 
ring would receive a smaller but comparable negative current-. This apparently 
rather free flow of electrons radially in the centrifuge is completely 
opposite to the expectations described in Section IV. 

Capping the climax may be described results obtained when 
positive voltages were impressed on the rings as in run 21. It v^s intended 
in this run to hold the rings at a moderate positive voltage, about 250 
volts, so as to make it impossible for ions to leave the arc, and rcitch the 



rings. In this way we expected to get Information conce 



rning t^p^'AftftJ 
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Mid distribution of neuts-1 moU- j I- viiv th- -.re. 'I he electron current 

to the rin.-Ts b\s"> expects • 'o b~ ;r irtu^lly -«ro, ^cording to the 



theory of .Section IV. En- 1--' ' ; , rurronti? such «s follows ^?re observe ' 



Ring No. 

Ring Volts 

Lorer Ring 
Current, ;n . r i . 



*U0 f!13 f^U K.13 f213 *<' 30 f : 3'J K30 t-3u ^30 

-so -I? r fo.s j-a.3 fo.2 -0.3 -o.z 0 0 



Thus very lnrge electron cuTents seem to flo* to the inner 
ring:;, and it the same time, ag»-in.r t a .strong opposing potential, positive 
ion currents resch outer rings . Me*siureinontr, nc-j - Iso LV.de of the deposited 
am tar is I, "vhirh indicated th'-t more m'.t.eri*! -r-me out to the rater rings when 
the rings -.Tsre 111r.de positive then when the rings r- -..> -e held nt rero potential • 



These rasn 



.ite Incomprehensible. It 7,-s only in 



liter y--ars at V.estinghouse th- t it.b-r-ne ele^r hor; they .night be accounted 
for by an interaction between ions *:nd electrons. 

Nevertheless, the experiments showed th'.t in the mr-rnetic field, 
currents v ere dr»fn from the ? rc to rings v.lth hundreds of volts. This 
could only me<n thst the current carrying [articles must acquire correspond- 
ing kinetic energies. In the magnetic field, there did not seem to be any 
doubt th«t it would be the positive ions which would aceulre .this energy 
rather then the electrons. Also, with direct, kinetic theory collisions 
bst'-eer: ions snd electrons or molecules negligible in numbers, it wrs hrrd 
to see hor the kinetic energy of the ion (presumably that of some oscillation) 
could be ouickly dissipated into random or thermal energy, an3 therefore, 
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presumably, the energy of the Ions would be of ordered form. 

It seemed, therefore, thr t while the ions (and electrons) do 
not move in the manner expected by the theory of Section IV, nevertheless, 
the ions do acquire a high ratio of ordered to random kinetic energy, 
nnd it should be possible to effect * separation of isotopes through this 



motion. 



At the time these results were found, i.e., in the fall of 



194-2, the space under the magnet poles w^s believed to be available only 
for a few weeks more, and therefore, it seemed that the best thing we could 
do would be to make a few collection runs, and see whs t isotope separations 
could be found. Of course, the running would be rather blind, as the only 
guide we had as to the -proper voltages or currents to apply to the electrodes 
was the theory of Section IV, which experiment had shown to be incorrect. 

As it turned out, more time was available then we anticiputed, 
and we were able to make a large number of collection runs before the work 
in Berkeley was stopped in De e ombi>P , 1942. The results obtained will be 
discussed in Section VIII, ps it will be necessary to first discuss, in 
Section VII, the method of isotope analysis used. 

fce close this Section by describing to what extent the deposited 
miterial conformed to the pattern of currents supplied to the rings. As an 
example, in Run 13, rings 2, 3, A t 5, 6, and 7 were excited each from i 
constant current circuit, and the currents were so chosen fcltfi e*ch ring 
pair received the seme current density as the others, and the total current 
was 5 m.a. The rings beyond 7 were allowed to float electrically. Collectors 



of fmt> 3«' u-. pc incbVnrea v.ere fastened to the various rin "S . kit* r y run 
of 2 ; V hairs , with s ^f^iet field current of 6*0 amps. , i nd prt :-sure 



w.s obt. lined by taking alpha counts with G*ch collector. 

The results are shown in Figure /+. Ihc dep.vi t on + he 
lower rin.-;s v. at? he r vicr than on the upper bee- use the '-.re rm; set n- • r 
the bottom of the t'.nk, only s Ix inches froui trie lower ring's. On a Ming 
the deposits on lowers «-nd uppers tot-vtlv.. r, ";e r e t a [T 1 -. tifylngly const •• irt 
deposit on rings 2 to 6, but ring 7 which should also show this same de- 
posit, has considerably less. The deposit should drop sharply to zero 
beyond ring 7 according to the theory of Section IV, but instead, it drops 



by the chemists for the sample taken from ring 3, lower, but there are un- 
certainties about this as described in' the next section. 

An example of a less favorable looking run is shown in 
Figure 5. Here rings 2 to 16 were excited with uniform current density 

w 

with a total current of j£ffcm.a., pressure 1.10 mm. and magnetic field 
current of 6p0 amperes. Running time }\ hours. The ^ counts were con- 
verted to micrograms per in.^ by the appropriate multiplier. In this run 
the chemists did not report results indicating any l r rge enrichment factor. 



- 27 - 



VII. __ The Isotope Analyses a_s Made a t Berk e ley 

Before giving the isotope separation results of the collec- 
tion runs made *ith the ionic centrifuge, it is necess- ry to discuss the 
isotope analytical methods used by the chemists, m the reports of the 
chemists v.ere contradictory* and it is necessary to understand the method 
used to see that certain of the results were more credible than the others. 

The method used was developed ^nd supervised by Prs. Segre 
and Kennedy. Subsequently it was developed into an accurate r-nd dependable 
method, but at this time in 194.2 there were still unrecognized sources of 
error. The method is as follows. The material of a specimen is dissolved 
end purified, and a small amount is deposited * thin film of oxide on a 
platinum surface. The mass, m, of the film is determined by weiring on a 
micro-bale nee. The ^-activity, <*> , and the fission activity, f, are 
determined by a suitable counting apparatus and a monitored neutron source. 
From these data the ratio of the quantities ^/f, *Vbi , f/m to the corres- 
ponding quantities for normal material mpy be obtained. In what follows, 
let the symbols ( o(/f ) , ( ^/m) , (f/m) stand for these ratios. 

Only two of these ratios are independent, °s the third can be 
calculated from the other two. From any two of these ratios, the isotopic 
constitution of the film may be calcul* ted , as follows. 

The fission activity of the film is given entirely by the 
activity of the 235 isotope. Assuming that the amount of 235 isotope is 
small compared to the amount of 238 isotope, we have 



(16) 



V K»J 



233 it 



*S» activity, however, Is due h?lf to the activity of the 
half to the 1.31 isotope. Age in '.ssuLiiji^ th t the amount 



of 234 isotope is sr.'.li compared to tb 



of 233 isotope, *e h r .v< 



(17) 



^1 



(16) ?;nd (17) give the isotonic constitution of the film 



from the tro ratios ( °V») 9 p nd (f/m, 



In the case of the ionic centrifuge, however, -no p* rticulv rly 
with smpll enrichments, we c*n go farther »md determine the isotopic con- 
stitution of the seinple from any one of the three r ties (^/m), (f/a>) , -.nd 



For in 



the 235 isotope is enriched, then so Bit 



irtainly will be the 234 isotope. Furthers 



the 31? ss differs 



for the 234 isotope is 4/3 of the m sg difference for the £35 isotope, *e 
may expect th r '.t for small enrichments, the 234 enrichment v. ill be correspond- 



ingly larger 



the 235 enrichment. Thet is 



This iepds to the following three expressions for the 235 en- 



richment in the ionic centrifuge. 



- is 



•v*1 



- 29 - 



Thus g^f*lcutot«d from eithe- (19), (20), or (£1) should 
giv? the stme result. 

Unfortunately, as described in the BtSt Section, the results 
reported by the chemists never met this test of consistency. Formulas 
(19), (20), md (21) gRirs v.idely discordant results. 

Study of the results obtained, indicated th* t probably the 
most uncertain quantity in the analyses wil© the determination of the mass, 
m, of the 233 isotope in the film. This was indicated by the fact that 
-C-j^ calculated from the chemists* («^/f) v>hich did not depend on m, 
varied far less mildly than c- lculnted from the chemists' {°sA0 or 

(f/m). Generally fo^ao tormin a ;! frsm (^/m) (-f/m) ■ absurdly small, 



indicating that the chemists v.ere over-estiiAating the amount of 23S in the 
film. Although the stmples given to the chemists vcere grater in amount 
than they believed necessary for their proper handling, nevertheless, it 
seems likely thrt in the purification process some troublesome impurity w^s 
left in the sample in sufficient nmount to falsify the chemists' determina- 
nt ion of the weight of the 233 in the film. 

Thus, ^1^^ determined from the chemists ( \/f ) seemed tWwst 
credible estimate of this t u&ntity. Hovever, even this sometimes varied 
enough in different determinations *ith the same sample f;S to le^ve un- 
certainties as to the actual magnitude. 





VII I. Th e Collection Ru ns with the Ionic Centri fuge. 

Thirty -fwr collection runs were made with the ionic centrifuge 
Eight were made with inner rings energize'} at const' nt current density, 
»nd the outer rings floating. Eleven 1 were mrd'e'wlth outer ring energized 
at about its Larmor Potential, *ith all the inner rings floating. Four v;ere 
made vith the rings energized * t their estimated Larmor Potentials. C e v en - 
were made with the rings all at zero potential. One w==s made with I 250 
volts on the rings. 

Many samples were t^ken from the various runs. Many samples 
were analyzed by the chemists, but many were not anslyzed. The results of 
the analyses are shown in Figures 6, 7, 3, and 9. In these Figures the 
ordinates and abscissae are the (^/f) and (f./m) values respectively f bl- 
each sample as reported by the chemists. There Is ^lso shown an ordinate 
scale giving the enrichment e as calculated from &t/f by equation (21). If 
the work of the chemists was perfectly consistent, then this e calculated 
from (ctf/f) would agree with the (f/m) observations, and all the points 
should lie on a curve, called the "Theoretical Curve" in Figures 6, 7, 8, 



and 9. 



Sometimes, two or three analyses *ere made on the same sample, 



In these cases straight lines «re shown in the Figures joining the points. 
An arrow on the straight line indicates the order in which the analyses were 
made. The material of the sample was re-purified before each new analysis 
so that presumably each later analysis was more reliable than the earlier 
one. On Figures 6 and 7 are shown some points enclosed in circles. These 
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are •ftfeljrasi made at Columbia, which will be described in the neyt Section. 

It will be seen that only a snip 11 fraction of the points lie 
on the "Theoretical Curve." In each Curve, the per cent spread in the (f/m) 
values is mrny times the per cent spread in (°Vf) values, indicating that 
the (^/J^.) values ore more reliable than the (f/m) values. 

This is particularly true and significant for the successive 
analyses on the s^me samples. The following table brings this out. 



Sample 



First Analysis 

to Second 

% change % change 
in(<Vf) in (f/m) 



Berkeley Analysis to 
Columbia Analysis 
% change % change 
in K/f) in (f/m) 



Run 13 
3L 



-7.9% 



-4.6% 



Run 15 
3L 



+3.4% 



-A. 3% 



123.0% 



Run 15 
7L 



-9.9% 



uo.o% 



Run 20 
2U 



-3.5% 



4- 6.5% 



Run 26 
2L 



-4.2% 



r 2.9% 



Run 10 



-^.1% 



+55.5% 



Run 12 



-0.5% 



112.0% 



Run 17 
2L 



-1.0% 



4-21./,% 



Run 17, 2L 
2nd purifi- 
cation 



-3.4% 



+ 5-3% 



Run 34 
2 LB 



-1.3% 



* 4.5% 



- u - 



I 



From the foregoing t« ble •' e see th n t the x«>inrum ch* n^e in 
( c4 /f ) by repurif ic- tion fr* s 9.9*, *»nf< the ^ver^e ch^n^e mm °.9f. It i* 
not implausible to assume tlv t ( "Vf) is determined litis *n nver^e error 
of less than 5^. If we make this -assumption, then ex^min-. tion of Figures 
6, 7, 8, and 9 show that many samples produced in the ionic centrifuge hnd 
£ greater than 1.1, ^nd quite » few h^d C ftreiter th^n 1.5. 



1 
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IX. Anal yses Made , at Columbia 

It seemed important to verify in some v,ay whether the large 

effects indicated by the Berkeley chemists were renl or not. The size of 

the samples taken »hs too small for mass spectroscopic analysis. I visited 

i 

Dr. Urey in New York in January 1943, who suggested that perhaps some of 
the sample films which the Berkeley chemists had -found abnormal, .might be 
re-examined by analysts at Columbia, also using the counting method to see 
how well they would agree. I accordingly sent for the sample films of 
Run 10, 18U, Run 15, 3L, Run 15, 6L, and Run 15, 7L. 

I delivered these films to Dr. Dunning, whose assistant, Dr. Hull, 
carried out the work.^ After a period of experimenting and practicing in the 
delicate microchemical operations involved, Dr. Hull succeeded in determining 
the isotopic consitution of the films as follows. 

Dr. Hull first made c< and f counts on the films as received. 



He then dissolved off the film, end determined its mass. Thus he was able 
to check the ^/ra and f/m figures of the Berkeley chemists. Dr. Hull, then 
purified the dissolved film material, w-.de a new film, and made new ^ /m and 
f/m determinations. In the case of the samples Run 15, 6L, and Run 15, 7L, 
the amounts were too small to work individually, so they were combined 



together. 



These results were reported in March, 194.3. 
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SECRET 



Sample Run 10, 18U 



e by 



Berkeley Report 1.30 1.60 0.81 1.45 



Columbia Cheek 
of Berkeley 
Sample 



1.42 1.S0 0.79 1.63 



Columbia Re- 1.92 
purified sample 



0.78 



2.38 



e by 

lf/jal 



1.60 



1.80 



2.49 



e by 
Cv/<\ 



2.70 



2.94 



5nmpl e Fun 15. 3 L 



Columbia Check 
of Berkeley 
Sample 



1.00 1.03 0.96 



Columbia Re- 1.16 
purified sample 



e by 



Berkeley Report 0.99 1.05 0.94 0.98 



1.00 



1.29 0.90 1.24 



e by 

1.05 
1.03 



1.29 



e by 

JC5/X 



1.14 



1.43 



Samples T Run 15 « 6L, Run 15 « 71* 



Berkeley Report 1.09 
6L 



Berkeley Recount 1.11 1.24 
6L 

Berkeley Report 0.30 0.88 
7L 

Berkeley Re purl- 1.01 1.22 
fy, 7L 

Columbia 1.07 1.17 0.92 
6L + 7L 



e by 



1.20 0.91 1.13 



0.90 1.16 



0.92 0.70 



0.33 1.02 



1.10 



e by 
1.20 



1.24 



0.38 



1.22 



1.17 



e by 
. (K/f ) 

1.37 



1.43 



1.32 



2.04 



1.32 




I, Conclusions ^nd Recommendation? q s of April. 

"I sm very happy to report now, that thanks to the efforts of 



Irs. Dunning end Hull at Columbia, the reality of these high enrichments 
has been , established beyond sny reasonable doubt 

"These figures are so extraordinary the t they cannot be lightly 
dismissed. They show that the ionic centrifuge itself, or else some element 
or fector which appeared in the -ionic centrifuge, has e very powerful 
separating effect. 

"Reco'nmen da^t ion . 

"A larger volume magnetic field end facilities and personnel 
for further study of the ionic centrifuge should be provided." 




The above quotations from letters in the spring of 194-3 :um up 
the status of the ionic centrifuge at th'it time. 

The "larger volume magnetic field and facilities and personnel" 
were provided in the summer of by the Yt'estinghouse Electric Corporation 

*t East Pittsburgh, where work has been continued. 





I 



• — * 

Nil 
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